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(54) PRODUCTION OF OPTICAL ELEMENT AND PRODUCTION OF ROTATION ASYMMETRIC 
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(57)Abstract 

PURPOSE: To easily obtain an optical element having an optical 
function surface of non-rotation symmetric shape by pressing an 
optical element raw material with a mold having an optical function 
surface of non-rotation symmetric shape formed by unevenly 
etching the rotation-symmetric surface of the mold base material. 
CONSTITUTION: In a method for producing an optical element 
having a rotation non- asymmetric non-spherical surface on the 
optical function surface by heating and pressing a pair of molds 
wherein either one of the molds has a rotation non-asymmetric 
surface and an optical raw material disposed between the molds, an 
intermediate assembly 100 having a mask 4 disposed above the 
surface 1a of a mold base material 1 or the surface 3 of a 
protecting film disposed thereon through a mask jig 7 and the mold 
base material 1 having the surface 1a on which a rotation symmetric 
non- spherical surface is preliminarily formed is disposed in an 
etching device. Argon ion beams 6 are downward irradiated from 
places above the mask 4 in order to etch the surface 1a of the mold 
base material 1 or the surface 3 of the protecting film 2. The mold 
base material 1 is thus processed into a mold having a rotation non- 
asymmetric spherical surface and can transfer the surface shape of 
the mold to the surface of a pressed optical element. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Arrange an optical material between the molds of a pair and said optical material and said mold are heated 
to predetermined temperature. It is the manufacture approach of the optical element which imprints the 
configuration of said type of optical functional side on the front face of said optical material by pressing said mold. 
Said type of at least one optical functional side is the manufacture approach of the optical element formed when it 
is rotation asymmetry and said rotation unsymmetrical configuration etches a field symmetrical with rotation of a 
mold base material into an ununiformity. 

[Claim 2] It is the manufacture approach of the optical element according to claim 1 which said type of rotation 
unsymmetrical configuration is formed by the dry etching method, and said dry etching method is in the condition 
which has arranged the mask in the location separated from the location adjacent to the symmetry-of-revolution 
front face of said mold base material, or the front face for rotation to the upper part, and is performed by irradiating 
an ion beam or a radical beam on the symmetry-of-revolution front face of said mold base material. 
[Claim 3] It is the manufacture approach of the optical element according to claim 1 performed by forming said type 
of rotation unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist 
film in the symmetry-of-revolution front face of said mold base material at least except for the part of the 
predetermined configuration which should be etched, and dipping the symmetry-of-revolution front face of said mold 
base material in an etching solution at least 

[Claim 4] The manufacture approach of an optical element given in either of claims 1-3 said type of whose rotation 
unsymmetrical configurations are a toric side or a cylindrical side. 

[Claim 5] Said rotation unsymmetrical configuration is the manufacture approach of an optical element given in 
either of claims 1-4 which are the configurations which produce the astigmatism component of shaft top wave 
aberration when an optical element imprints. 

[Claim 6] The manufacture approach of an optical element given in either of claims 1-5 which formed the protective 
coat in said type of rotation unsymmetrical front face at homogeneity. 

[Claim 7] Arrange an optical material between the molds of a pair and said optical material and said mold are heated 
to predetermined temperature. It is the manufacture approach of the optical element which imprints the 
configuration of said type of optical functional side on the front face of said optical material by pressing said mold. It 
is the manufacture approach of the optical element formed when said type of at least one optical functional side is 
rotation asymmetry and said rotation unsymmetrical configuration etches into an ununiformity a field symmetrical 
with rotation of the protective coat formed on the mold base material. 

[Claim 8] It is the manufacture approach of the optical element according to claim 7 which said type of rotation 
unsymmetrical configuration is formed by the dry etching method, and said dry etching method is in the condition 
which has arranged the mask in the location separated from the location adjacent to the symmetry-of-revolution 
front face of the protective coat on said mold base material, or the front face for rotation to the upper part, and is 
performed by irradiating an ion beam or a radical beam on the symmetry-of-revolution front face of said protective 
coat. 

[Claim 9] It is the manufacture approach of the optical element according to claim 7 performed by forming said type 
of rotation unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist 
film in the symmetry-of-revolution front face of the protective coat formed in the front face of said mold base 
material at least except for the part of the predetermined configuration which should be etched, and dipping the 
symmetry-of-revolution front face of said mold base material in an etching solution at least. 

[Claim 10] The manufacture approach of an optical element given in either of claims 7-9 said type of whose rotation 
unsymmetrical configurations are a toric side or a cylindrical side. 

[Claim 11] Said rotation unsymmetrical configuration is the manufacture approach of an optical element given in 
either of claims 7-10 which are the configurations which produce the astigmatism component of shaft top wave 
aberration when an optical element imprints. 

[Claim 12] Arrange an optical material between the molds of a pair and said optical material and said mold are 
heated to predetermined temperature. It is the manufacture approach of the optical element which imprints the 
configuration of said type of optical functional side on the front face of said optical material by pressing said mold. It 
is the manufacture approach of the optical element formed when said type of at least one optical functional side is 
rotation asymmetry and said rotation unsymmetrical configuration forms the film to an ununiformity on the 
symmetry-of-revolution front face of a mold base material. 
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[Cla.m 13] sa.d type of rotation unsymmetr.cal configuration - the sputtering method and PVD (physical vapor 
deposition) - law and CVD (chemical vapor deposition) - the manufacture approach of the optical element 
accord.ng to cla.m 12 which rt shrfts. and it is formed by that approach, and performs by being in the condition which 

?d S a a J3 m ' n .H K T t° m * - '° Cati0n Wh6re Said approach *•«*•• *• symmetryTrlvZon 

an l l^Z l n J 6 . r' * maSK ^ ^ m *nre^revolution side chosen from law to the upper part 
and irradiating a particle in the symmetry-of-revolution side of said mold base material 

[Claim 14] The manufacture approach of an optical element according to claim 1 2 or 1 3 that said type of rotation 
unsymmetncal configuration is a toric side or a cylindrical side. 

[Claim 15] Said rotation unsymmetrical configuration is the manufacture approach of an optical element given in 
either of claims 12-14 which are the configurations which produce the astigmatism component shaft top wale 
aberration when an optical element imprints. p 
[Claim 16] The manufacture approach of the. rotation asymmetrical type for optical element shaping which etches 
the symmetry-of-revolut^n front face of said mold base material into an ununiformity by arranging in the location 
which separa ed the mask from the location adjacent to the symmetry-of-revolution front face of a mold base 
material, or the front face for rotation to the upper part, and irradiating an ion beam or a radical beam on the 
symmetry-of-revolution front, face of said mold base material. 

[Claim 17] The manufacture approach of the rotation asymmetrical type for optical element shaping which etches 
he symmetry-of-revo ution front face of said mold base material into an ununiformrty by forming tL resist film in 

tLZZ'Tt" u'?' 0n fr ° nt ° f 3 m ° ld baSS mat6rial at least and the symme4-ofr evolution 

front face of said mold base material ,n an etching solution at least except for the part of the predetermined 
configuration which should be etched. 'wwrminw 

[Claim 18] The manufacture approach of the rotation asymmetrical type for optical element shaping which etches 

w^chToWedthT ^ fr0n r a ,° e ° f S3id Pr0tective coat into a " -uniformity by arranging in the location 
which separated the mask from the location adjacent to the symmetry-ofrrevolution front face of the protective 

or a radical beam on the symmetry-of-revolution front face of said protective coat 

[Claim 19] The manufacture approach of the rotation asymmetrical type for optical element shaping which etches 
the symmeby-of-revolut.on front face of said protective coat into an ununiformity by forming the resist film in the 

ZEST 0f T t ° ,Ut,0n , fr ° nt ! aCe ° f the protective coat fcn— on the mold base material at leasTexcept for ne 
part of the predetermined configuration which should be etched, and dipping the symmetry-of-revolution fronUace 
of said protective coat in an etching solution at least. voiuiion Tront race 

o ?lll 0 U h i e o ma "| U ? OtUre / P u PrOaCh ° fthe r0tati ° n as V mmetrical tyPe for optical element shaping given in either 
SSTn 5 a . ° f Wh0S6 r0tat ' 0n uns y mmetrical configurations are a toric side or a cylindrical side 
for 111 fmll T b ™ uns y. mmetr ' ca l configuration is the manufacture approach of the rotation asymmetrical type 
Z a ?Xi + shap,ng g,ven ,n erther of claim 16 and others [ 20] which are the configuration which produces 
the astigmatism component of shaft top wave aberration when an optical element imprints 

m^Z I? The .™ n ** ct » r *w™^ of the rotation asymmetrical type for optical element shaping which forms the 
film to an ununiformity on the symmetry-of-revolution front face of a mold base material 
[Claim 23] said type of rotation unsymmetrical configuration - the sputtering method and PVD (physical vapor 
deposition) - law and CVD (chemical vapor deposition) - the manufacture, approach of the rotation asymmetrical 
type accord.ng to cla.m 22 for opt.cal element shaping which it shifts, and it is formed by that approach and 
performs by being ,n the condition which has arranged in the location which separated from the location where said 
approach touches the symmetry-of-revolution side of said mold base material in a mask or the symmetry-of- 
revolut.on s.de which chooses from law to the upper part, and irradiating a particle in the symmetry-of-revolution 
side of sa.d mold base material. 

[Claim 24] The manufacture approach of the rotation asymmetrical type for optical element shaping according to 
^ a .' m S tyPe ° f rotation unsymmetrical configuration is a toric side or a cylindrical side 

LCIaim 25 Sa.d rotation unsymmetrical configuration is the manufacture approach of the rotation asymmetrical type 
for opt.cal element shap.ng g.ven in either of claims 22-24 which are the configurations which produce the 
astigmatism component of shaft top wave aberration when an optical element imprints 

[Claim 26] The manufacture approach of the rotation asymmetrical type for optical element shaping according to 
claim 16 or 17 wh.ch formed the protective coat in said type of rotation unsymmetrical front face at homogeneity. 

[Translation done.] • ~ ~™ " ""** 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

2 I^toTcTh ^ e " translated by com P"t^ So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. uro-iaeiy. 

3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] — ■ — — 

[0001] 

S d b.« f fer e t ^« i0 rf ] invention / e ' ateS *° the manufactu ^ approach of the rotation asymmetrical type 
suitable for the manufacture approach of optical elements, such as an aspheric lens used for an optical instrument, 

[0002] 

loraSfof 1 2l 1 Pri ° r + Genera " y - the u° PtiCal h6ad f ° r an ° ptical disk or ^gneto-optic disks is always driven 
a! Ltl l ZL h£ 1 I ° arry 1"* tra ° king ° f thC r6C0rding Surface t0 " of a disk - before, in almost 

ihi fi J? ♦ ? 6 T2* "f SUri ! Ce ° f 3 diSk are read ' ° r alth0ugh data are ^ 0" a reco ding 

ouSde a shS th« J 6 , 3ft °t an ST*" ,6nS iS US6d H0Wever ' Since ^Smatism increases in the field 
2Ef "hi ^ °Pt'«!-oharaoter ^abilrty of the lens in the field outside a shaft is inferior as compared w! h the 
™"h- b,lrt !. in a paraxial * eld - Furthermore, the light from the semiconductor laser used as theTght 

source has the astigmatic dmVence. Moreover, the 2nd lens for condensing to a photodetector the ligtt TrefleSed 

[0003] Therefore, various approaches are proposed in order to raise the engine performance of an optical head as 
the 1st conventual example - JP.5-107467.A - at least - rotation - the objective lens which has an 
unsymmetncal opt,oal functional side is proposed. The aberration on an optical axis can be made to generate an 

°°TT *? f0miin f th6 ° PtiCal funCti ° nal Side ° f an ob *<*™ lens in Nation aSmmZ The 
2nd£n i h JB Tl « ' S .! djUS u ted S ° that ab6rrati0n With the above-mentioned semiconductor Vaser or the 
mloH J y , made t0 + offset by tha astigmatism generated by the rotation unsymmetrical side. Moreover the 
SmS a fill an .° P f mate , na ' direCt ' y and processin S it as 2nd conventional example, is learned 
L0004] As 3rd conventional example, the manufacturing technology of the optical element by press forming is 
Proposed by U.S. Pat. No. 5.015.280. The press-forming approach is a method of constructiL which imprints a mold 
ZluZ h ^ 7 tenaL S0 ' ^ 3 m °' d iS P rocassibla with high precision, a desired optical element can be 

manufactured eas.ly. When the optical element which should be manufactured is the symmetry of revolution like a 
symme^-of-revolution aspheric lens, a mold can be formed using an ultraprecise CNC control mactTe too I A 

Z nZ 1 S an 0PtlC l aX ' S 38 8 C ° re and f6ed m ° ti0n ° f grindir * ° r the cuttin * t001 is ca ™« out by the locus of 
easilv in c U 0 „fi/ S t cr0SS - sect ' 0 " ""figuration of a lens. Thereby, a mold can be manufactured comparatively 
easily in the configuration precision of about 0.1 micrometers "M««uv«iy 

S!!l T !l7* th0d ° f m !u ng fo : ex / mple ' 3 JP - 5 " 107 467.A official report generate astigmatism by controlling a 
Proposed I US ' n m 3 symmetry -°^ revolution oonfiguration as 4th conventional example is 

[0006] 

[Problem(s) to be Solved by the Invention] however, the conventional example of the above 1st - like - rotation - 

* n JY 6 ^ 1°^ "V P ? Cti ! al qUeSti ° n *° manufactu| -o an unsymmetrical optical element in order [ moreover ] 

lil t tL°A . I ""If l nd ' m J u 8 * 0 " 68, SUch as glass ' rock mutually and t0 ad J ust a ach other and grind ' 
them by the direct grinding method which is the 2nd conventional example - inevitable - a flat surface - or only 

I JSl!"^ h V°? f Urati ° n I' Pr0cessible - Therefore - by the oonventional direct grinding method, it has the 
r^nnJn M ? ! Cal 6lement of a rotation uns ymmatrical configuration cannot be manufactured 
L0007J the optical element which should be manufactured in the 3rd conventional example - rotation - when it 
has an unsymmetncal optical functional side, the processing machine which manufactures a mold is very 
complicated, and becomes an expensive highly precise and thing. That is, it must carry out during 1 rotation of a 
™S Z VT re P^tedly controlling advance retreat of a tool with high precision, attaching an encoder in the 
main shaft of a Processing mach.ne, and measuring angle of rotation of a mold, in order to detect angle of rotation of 
a mold, for example. Furthermore, it is difficult to secure the configuration precision of the mold formed of this 

^ s 3 t e b^r«t!I!H e0Ver • ? t ° m ! ke *u he '° Cati0n ° f 3 t0 °' f0 " 0w r0tation of a mold or a mai " ^aft, a main shaft 
En ? 7 1^ 8 ° Wly ' and rt haS the tr0ub,e that tne floor t0 floor time of a ™" «iH become long. 
L0008J In the 4th conventional example, control management of molding temperature, a temperature gradient 
compacting pressure the shaping material configuration, etc. must be carried out with high precision Furthermore it 

5 'th .as?™ 6 f ' S "^r" t0 th6 yi6ld th6 maSS Pr ° ducti0n ° f an oPti-l e«ement. and the d^on 

of the astigmatism of a lens does not become settled. 
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Eu£r?J Z e A ab ° Ve V rt T drffi I ult t0 "»™Aet^ the optical element of a rotation asymmetrical 
configuration by the conventional manufacture approach. The purpose of this invention is offering the manufacture 
approach of the mold suitable for the approach and it which manufacture easily the optical element which has Z 
optical functional side of a nonrotation symmetry configuration 
[0010] 

ootlLTetrnttTfVv 6 ^'v^ 1° ^ *° ^ , the * b ™-™"«™<> P^ose. the manufacture approach of the 
optical element of this invention Arrange an optical material between the molds of a pair and said optical material 
and sa.d mold are heated to predetermined temperature. It is the manufacture approach of the optical element 
which imprints the configuration of said type of optical functional side on the front face of said optical material by 
pressing sa.d mold. Said type of at least one optical functional side is rotation asymmetry, and said Station 

ununifoTmily C ° Urat '° n " f ° rmed * etChing " ^ Symmetrical with rotation of a mold basa ™terial into an 

^hinV n m i h th n H b 7 e " me " tioned « onfi « u '; at | on - ^id type of rotation asymmetrical configuration is formed by the dry 
etching method, .t is in the condition which has arranged the mask in the location separated from the location 
adjacent to the symmetry-of-revolution front face of said mold base material, or the front face for rotation to the 

ZIZTT ' 38 J "± ^ ? tChing m6th0d * iS d6Sirable t0 carry out b * a " beam or a radical 

beam on the symmetry-of-revolution front face of said mold base material 

[0012] Or ,n the above-mentioned configuration, it is desirable to carry out by forming said type of rotation 
unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist film in the 
symmetry-of-revolution front face of said mold base material at least except for the part of the predetermine 
r2S5 stlntleatr* 0116 " *« ** ^-^-o.ution front face of said mo, base materia, 

L°° a w ab0ve : manti0ned , configuration, it is desirable that said type of rotation asymmetrical configuration 
is a tone side or a cylindrical side. Moreover, in each above-mentioned configuration, when said rotation 
unsymmetncal configuration is imprinted by the optical element, it is desirable that it is the configuration which 
produces the ast.gmat.sm component of shaft top wave aberration. Moreover, in each above-mentioned 
configuration, it is desirable to form a protective coat in said type of rotation unsymmetrical front face at 
homogeneity. 

L^IfhJlT 0th *f ^"u tne £ manufa t cture a PP roach of another optical element of this invention arranges an optical 
material between the molds of a pa.r. It is the manufacture approach of the optical element which imprints the 
configuration of sa.d type of optical functional side on the front face of said optical material by heating said optical 
matenal and said mold to predetermined temperature, and pressing said mold. Said type of at least one optical 
functional side is rotation asymmetry, and said rotation unsymmetrical configuration is formed by etching into an 
r U nn U ^ 0 , rm l y 3 u s y mmetric al with rotation of the protective coat formed on the mold base material 
♦ I 1 above-mentioned configuration, said type of rotation unsymmetrical configuration is formed by the dry 
etching method, it .s in the condition which has arranged the mask in the location separated from the location 
adjacent to the symmetry-of-revolution front face of the. protective coat on said mold base material, or the front 
face for rotation to the upper part, and. as for said dry etching method, it is desirable to carry out by irradiating an 
ion beam or a radical beam on the symmetry-of-revolution front face of said protective coat 
L0016] Or in the above-mentioned configuration, it is desirable to carry out by forming said type of rotation 
unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist film in the 
symmetry-of-revolution front face of the protective coat formed in the front face of said mold base material at 
least except for the part of the predetermined configuration which should be etched, and dipping the symmetry-of- 
revolut.on front face of said mold base material in an etching solution at least. 

[001 7] In each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical configuration 
.s a tone side or a cylindrical side. Moreover, in each above-mentioned configuration, when said rotation 
unsymmetrical configuration is imprinted by the optical element, it is desirable that it is the configuration which 
produces the astigmatism component of shaft top wave aberration. 

[0018] Moreover the manufacture approach of still more nearly another optical element of this invention Arrange an 
optical material between the. molds of a pair and said optical material and said mold are heated to predetermined 
temperature. It is the manufacture approach of the optical element which imprints the configuration of said type of 
optica functional s.de on the front face of said optical material by pressing said mold. Said type of at least one 
optical functional s.de is rotation asymmetry, and said rotation unsymmetrical configuration is formed by forming the 
film to an ununiform.ty on the symmetry-of-revolution front face of a mold base material. 
[001 9] the above-mentioned configuration - setting - said type of rotation unsymmetrical configuration — the 
sputtering method and PVD (physical vapor deposition) - law and CVD (chemical vapor deposition) - it shifts and 
it is formed by that approach, and it is in the condition which has arranged in the location which separated from the 
location where said approach touches the symmetry-of-revolution side of said mold base material in a mask or the 
symmetry-of-revolution side chosen from law to the upper part, and it is desirable to carry out by irradiating a 
particle in the symmetry-of-revolution side of said mold base material 

[0020] Moreover, in each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical 
configuration is a tone side or a cylindrical side. Moreover, in each above-mentioned configuration, when said 
rotation unsymmetncal configuration is imprinted by the optical element it is desirable that it is the configuration 
which produces the astigmatism component of shaft top wave aberration. 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



04/11/26 



3/8 s<—i 



EJI^ anUfa0t . Ure aPPr ° a0h ° f Sti " m ° re neaHy another rotation asymmetrical type for optical element 

T^lJ!!fT nUfaCt r f Pr0a< l h ° f Sti " m0re nearly another rotation asymmetrical type for optical element 
shaping of this mvent,on forms the resist film in the symmetry-of-revolution front facl tftoe notl J^l 

10025] In each above-mentioned configuration, it is desirable that said type of rotation asymmetrical configuration 
■s a tone side or a cylindrical side. Moreover, in each above-mentioned configuration, w^en saS r!tet on 

oToTcTs Z C t ° nfig r tl0n " imPrinted bV tHe ° Ptical * m «* * is desi -ble that rt ifthe 2£Si which 
produces the astigmatism component of shaft top wave aberration ormgurauon wnicn 

[0026] The manufacture approach of still more nearly another rotation asymmetrical type for optical element 
shaping of this invention forms the film to an ununrformrty on the symmetrv-of-revoJL front flee o a mold base 

sputtering method and PVD (physical vapor deposition) - law and CVD (chemical vapor deposition) - it «MR. »!< 
rt ,s formed by that approach, and it is in the condition which has arranged in the ocatbn ^TseLjetiZ £ 
location where said approach touches the symmetry-of-revolution side of said mold base SriTta^K. 

aZeTth ^7 S t Ch °r fr ° m l3W t0 thC UPP6r P3rt ' and * is desi - ble to c^ out by nrad^a ing a 
particle in the symmetry-of-revolution side of said mold base material Moreover, in eachTbove-mentioned 
configuration, rt is desirable that said type of rotation unsymmetrical configuration is a torie Jde or a cylindrical side 
Moreover ,n each above-mentioned configuration, when said rotation unsymmetrical configuration s imorinted bv 

Z rribtron rt ,s desirable that * is the configuration which produces *• >«^™:iir*7£i 
S2S;zss:ss rial directly - rt is desirable to form a protective coat in said 

[0028] 

[Embodiment of the Invention] 

1 S I T?*™ g8Stal ? T , he J St ° Perati ° n eeSt3k ° f the "manufacture approach of the mold suitable for the 

rsssisrsf ?* opt ? ' T e u ement of this invention and * is expiained - ***** * « **ms 

12 . and d&mgU [from _4_w_n__I. The optical element 50 which should be manufactured by'the^olhoffhk 

aSpher ' C,ens - and is sh -n in drawing,.?! . The optica, functional side 51 of 
the rotation unsymmetneal asphenc surface, and has perpendicular **** 52 and level **** 53. It differs from 
vertical radius of curvature and horizontal radius of curvature. So, **** 52 and 53 connects a focus totl differ 
points. respective.y. An optica, element 50 has astigmatism on the shaft An optic,? elemeS ifZ^TZ 
carrying out press molding of the optical material arranged between the molds of a pair. At least o^ of 'he molds 
the' ton! f? c i° n f UnSy T e r ica ' aspharic surfaca ' a " d Nation unsymmetrical aspherie au^o ^ s impr ntedty 
S 6 29 : uLtTth? °Tl matenaL S u' ^ ° PtiCal fUnCti ° nal Side 51 ° f an elament 50 is formed 

As s hol t H f 1 6 tT° aCh ° f 3 m °' d ° f having the rotation ""aymmetrioal aspherie surface is explained 
As shown ,n dj^ingj. . the middle assembly object 100 possesses the mold base material 1. and a mask 4 and the 
mask fixture 7. A tungsten (W) and the carbon (C) of the mold base material 1 are made of the cemented cai de 
used as a principal component. In order to prevent the welding of a blemish and the optical material at the time of 

The'nTkV *"* *T 1° I"" 4 . - Pr ° t6Ctive °° at 2 "« be f " med °" surfa « 1 a <* the S base mtrterial 1 
Lrface 1 a n f?h rrang , e A ,n ^1 Whi0h ° n ' y P redete '-mined distance separated from the front face 3 of ' 
beam fi ■ A 1 ! molj base material 1. or a protective coat 2 up through the mask fixture 7. The argon (Ar) ion 
mold halt ♦ M ad ' ated fr ° m the UPP6r P3rt ° f 3 mask 4 - in order t0 etch the front face 3 of surface 1 a of the 

unsvmmeir T „ ' " ' Sr*"*? °°* 1 The m °' d mateHal 1 Serves as a mold ^ the rotation 

unsymmetrical asphenc surface, when a mold production process is completed 

bv thJ h a e n aSPh l ri * 'f 306 sy " imetrical with nation is beforehand formed in surface 1a of the mold base material 
otatls a! a'" 03 ° h J? rf °T ngthe T*" 8 ' symmetry-of-revolution aspherie surface. The mold base mater aM 
rotates as a core the shaft corresponding to the optical axis of the optical element which should be manufactured 
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And feed motion of the grinding stone is carried out so that the processing point that a grinding stone and a mold 
base matenal touch may draw the predetermined direction of an optical element 50. for fxample, the cross-section 
configuration of non-rad„ where **** 52 of drawing^ was met. The configuration precision of the mold base 
material 1 processed by this processing method was about **0.1 micrometers. When forming a protective coat 2 in 
surface a of the mold base material 1. protective coats, such as a platinum-iridium (Pt-Ir) alloy are formed by 3 
micrometers in thickness by the spatter. ,J 
[0031] The slash section is a part covered with the mask 4 of the mold base material 1 so that clearfy from drawing 
2 . For example the diameter of the shaping side of the mold base material 1 including the edge section is SmTSfd 
surface 1 a or the diameter of 3 ,s 4mm. The magnitude of the rectangle opening 5 is 5mmx2mm. and each opening 5 
sets spacing of 1 mm, and is arranged in parallel. opening o 

[0032] Next, it arranges to the etching system which shows the above-mentioned middle assembly object 100 
shown , n dr^yQ to djpngj With the 1st operation gestaft. the ECR (electron cyclotron resonance) ion beam 

th! 117 "u A 1 SJ"? SVStem P0SS6SS6S 3n 6tChing Chamber 9 ' the sta *e 10 where it is equipped wrth 
the middle assembly object 100. the ion beam accelerating electrode 1 1 prepared in the upper limit section of an 
etching chamber 9, and the ion gun 13 formed on the etching chamber 9 

[0033] If a stage 10 is equipped with the middle assembly object 100. air will be removed so that the interior of an 
etching chamber 9 may serve as a vacuum. Then, argon (Ar) gas is introduced in an ion gun 13 through the gas 
installation buj 14 and the plasma 12 is generated. The ion accelerating electrode 11 pulls out Ar ion from fhe 

of lulll' iT JTh 11" '° n ? ?* the midd ' e aSS6mbly ° bject 10 °- The atom or molecu| e of a front face 3 
of surface 1a of the mold base material 1 or a protective coat 2 is flipped off by the collision of the ion which has 
come flying. Thereby, surface 1a of the mold base material 1 or etching processing of the front face 3 of. 
protective coat 2 is performed. 

[0034] In the 1st operation gestaft, the diameter at the maximum equator of the middle assembly object 100 was 
15mm. ft equipped with seven middle assembly objects 100 on the stage 10 in an etching chamber 9. The diameter 

t nAhT^Th '° n gUn 13 WaS 6 ° mm - The mask 4 was separated from the fro "t f*ce 3 of surface 

1a of the mold base matenal 1. or a protective coat 2 10mm. The etching conditions are as follows They were 
acceleration voltage 800V of the pressure of 0.09Pa of introductory Ar gas. and an ion beam 6. current density 1 0 
mA/cm2 of an ,on beam 6. and .rradiation time 3 minutes of an ion beam 6. 

[0035] The time amount which processing per mold took was about 90 minutes (1 hour, a half) including the time 

r«°p U m Mv h ?"in5T,f T in ° rdert ° T 8ke int ° 3 Va ° UUm the interior of the assemb| V time a ™unt of the middle 
assembly object 100 the time amount wh.ch sets the middle assembly object 100 in an etching chamber 9. and an 

efficiently ' *" ^ ^ ^ be further ' many molds can be manufactured 

meaS r d ? ? e X 7 X !f Y o Sh3ft orientations whioh show cross-section configuration of the mold 
formed as ment,oned above to dr A w L n_g_2 and djawing.3 . A measurement result is shown in drawing 5 . the rotation 
after a configuration wrth an axis of ordinate symmetrical with the rotation before [ in / in drawing s an axis of 
abscissa expresses the distance from a mold core to point of measurement, and / point of measurement ] etching 
and etching - the core of a mold .s expressed for the amount of gaps with an unsymmetrical configuration as 0 
Since the field ,n alignment with the Y-axis of the front face 3 of surface la of the mold base material 1 or a ' 
protective coat 2 ,s etched into homogeneity by ****** and the ion beam 6 with a mask 4 so that clearly from 
drawin S 5 ' * he -section configuration of the mold of Y shaft orientations is not changing from a configuration 
symmetrical with the rotation before etching. On the other hand, since more fields which are distant frorl ! the Tr* 
of a mold to X shaft orientations than a part for a core are exposed to an ion beam 6. the cross-section 
configuration of the mold of X shaft orientations inclines gently toward a periphery from the core. Consequently the 
shape of surface la of the mold base material 1 after etching or surface type of the front face 3 of a protective 
coat 2 serves as rotation asymmetry like for example, a toric side. The overall radius of curvature of the mold of X 
rnr 3 ^ 0 " entatlons be comes larger than the radius of curvature of the mold of Y shaft orientations 
L0037J Furthermore, another mold which has a front face symmetrical with rotation is beforehand prepared by the 
conventional approach^ shown in drawing 13 , the optical materials 60, such as glass and resin, are arranged 
among molds 61 and 62. E.ther of the molds 61 and 62 has the rotation unsymmetrical side formed by the above- 
aTro^h M e S n |1 aP 7«, Ch • a " d ano \ he 7 ide has symmetry-of-revolution side formed by the conventional 
SLTTi J i * 1 ° Pt,0al materia ' 60 are h6ated by the Predetermined temperature which the front 

face of the optical material 60 softens at least Molds 61 and 62 are pressed by the predetermined pressure so that 

11 fi^ 6 A", ! 2 P6 ° f m ° ldS 61 and 62 may be imprinted by the fr ont fece of optical material 60. then. ■ 
molds 61 and 62 and the optical material 60 are cooled - having - rotation - the optical element 50 which is the 
asphenc lens which has the unsymmetrical optical functional side 51 is obtained 

[0038] In the 1st operation gestalt the amount of the maximum gaps of the cross-section configuration of the mold 

w«, ?T< * ' n , P6 T hery Se ° ti0n W3S S6t *° °- 15 microm eters. The above-mentioned etching process 
was repeated 5 times, and 35 molds, were manufactured in total. The configuration error of a mold was **0 02 
micrometers to the amount of design gaps of 0.1 5 micrometers. 

[0039] The press molding process was repeated and 1000 lenses were fabricated in the same mold. Optical-glass 
SF8 was used as an optical material, the optical element 50 cast using the above-mentioned mold - for example 
rotation of a tone side etc. - since it has the unsymmetrical optical functional side 51, an optical element 50 ' 
generates astigmatism. When the optical-character ability of an optical element 50 was measured each optical 
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element 50 generated the astigmatism of the almost same amount as the almost same direction. The average value 
of astigmatism was 30mlambda (mlambda: 1/1000 of the wavelength of the light source used), and was a value 
moderate as an objective lens of the optical head for optical disk units. Moreover, the wave aberration of the optical 
element 50 whole was also good. The optical head was assembled using this optical element 50. The optical element 
50 is attached so that the radial astigmatism outside a shaft of an optical disk may be offset by the shaft top 
astigmatism by the rotation unsymmetrical aspheric surface. The reproducing characteristics of the optical disk by 
the optical head using the optical element 50 of the 1 st operation gestalt were superior to the reproducing 
characteristics using the conventional optical head which used the lens of the conventional symmetry-ofrrevolution 
configuration. 

[0040] A desired rotation unsymmetrical configuration can be formed in a mold by controlling distance, etching 
conditions, and the amount of etching with the front face 3 of the surface 1a or the protective coat 2 of the 
configuration of the opening 5 of a mask 4, a mask 4, and the mold, base material 1. The optical element which 
generates the astigmatism for which it asks by that cause can be obtained. 

[0041] With the 1st operation gestalt in order to etch the protective coat of a. mold base material, or its front face, 
argon ion was irradiated, but the same configuration can be acquired even if it is the dry etching method using other 
ion and radicals. Furthermore/although the protective coat 2 was formed in surface 1a of the mold base material 1 
before etching processing and the front face 3 of a protective coat 2 was etched when a protective coat 2 was 
formed, before forming a protective coat 2, surface 1a of the mold base material 1 may be etched into rotation 
asymmetry, and the after protective coat 2 may be formed in homogeneity. Furthermore, you may etch the front 
face 3 of surface 1a of the mold base material 1, or a protective coat 2 by making an ion beam operate it (scanning), 
without using a mask. 

[0042] (2nd operation gestalt) The 2nd operation gestalt of the manufacture approach of the mold suitable for the 
manufacture approach of the optical element of this invention and it is explained, referring to drawing 8 from drawing 
6 . In the 2nd operation gestalt, the configuration of the optical element which should be manufactured, and the 
process process of the optical element using a mold are substantially [ as the case of the 1 st operation gestalt ] the 
same. However, the manufacture approaches of a mold of having the rotation unsymmetrical aspheric surface differ. 
[0043] As shown in drawing 6 , openings 23 and 24 are removed, and the whole surface of the mold base material 20 
j s ************ by t h e resist film 22. Opening 23 is formed so that the front face 21 of the mold base material 20 
may be countered. The opening 24 for forming a mark is formed so that edge section 21a of a front face 21 may be 
countered. The mold base material 20 which has the resist film 22 is dipped in the etching solution 25. So, the front 
face 21 of the mold base material 20 is etched into a rotation unsymmetrical configuration. The mold base material 
20 is made of chromium alloy stainless steel tool steel. 

[0044] The front face 21 of the mold base material 20 is roughly formed in the symmetry-of-revolution aspheric 
surface configuration by the conventional approach. The electroless-nickel-plating film (not shown) is given to the 
front face 21 of the mold base material 20 at least. Furthermore, the nickel-plating film on the front face 21 of the 
mold base material 20 is cut by the diamond tool using an ultraprecise engine lathe. So, the symmetry-of-revolution 
aspheric surface is made to the nickel-plating film on the front face 21 on the mold base material 20 so that it may 
be correctly in agreement with the cross-section configuration of the optical element 50 in alignment with **** 52 
shown in drawing. 12 . The 5 time diluent of a sulfuric acid was used as an etching solution 25. 
[0045] For example, the radius of the front face 21 of the mold base material 20 was 2mm, and the width efface of 
flat edge section 21a was 1mm. Therefore, the total radius of the molding side of the mold base material 20 
containing the edge section was 3mm. All the front faces of the mold base material 20 except openings 23 and 24 
are ************ by the resist film 22 so that it may not be etched with the etching solution 25. Opening 23 is 
arranged in accordance with the shaft Y shown in drawing 7 . The width of face of opening 23 was 1 mm, and die 
length was about 4mm. Opening 24 is formed on Shaft Y and the shaft X which intersects perpendicularly. The 
diameter of opening 24 was 0.6mm. 

[0046] The etching solution 25 is filled by glassware with a diameter of about 200mm, and is kept warm by 40 
degrees C. The ******** type base material 20 was arranged in the cage of 40-piece ****** by the resist film of 
16mm of diameters at the maximum equator, and it dipped in the etching solution 25 for 5 minutes. Then, the cage 
was pulled up from the etching reagent 25, and pure water washed. Consequently, the nickel-plating film on the front 
face 21 of the mold base material 20 was etched into rotation asymmetry. 

[0047] It measured to the X-axis and Y shaft orientations which show the cross-section configuration of the mold 
formed by the above-mentioned approach to drawing 7 . A measurement result is shown in drawing 8 . the rotation 
after a configuration with an axis of ordinate symmetrical with the rotation before etching [ in / in drawing 8 , an 
axis of abscissa expresses the distance from a mold core to point of measurement and / point of measurement ], 
and etching — the core of a mold is expressed for the amount of gaps with an unsymmetrical configuration as 0. 
Since a part for the core of Y shaft orientations of the nickel-plating film on the front face 21 of the mold base 
material 20 is boiled with ************** and an etching reagent 25 by the resist film 22 and is etched more into 
homogeneity so that clearly from drawing 8 , the cross-section configuration of the mold of Y shaft orientations is 
not changing from a configuration symmetrical with the rotation before etching. On the other hand, since parts for 
many ************ and core of a mold are etched for the periphery of the nickel-plating film on the front face 21 
of X shaft orientations by the etching reagent rather than a circumference part by the resist film 22, in the cross- 
section configuration of the mold of X shaft orientations, about 0.1 micrometers of circumference parts are high 
relatively to a part for a core. Furthermore, the depression is formed in the location which counters opening 24 in 
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the part of -3 from the distance (radius) -2 of drawing 8 . Consequently, the configuration on the front face of a 
mold serves as rotation asymmetry like for example, a toric side. The radius of curvature of the mold of X shaft 
orientations becomes small relatively rather than the radius of curvature of the mold of Y shaft orientations. 
[0048] When the configuration of 40 molds formed by the above-mentioned approach was measured, the 
configuration error of the cross-section configuration of the mold of X shaft orientations was within the limits of - 
0.02 to +0.03 micrometers to the amount of average gaps of 0.1 micrometers, and dispersion was small. 
[0049] In addition, in order to prevent the welding of a blemish and the optical material on the front face of a mold 
at the time of molding of an optical element the protective coat with a thickness of 2 micrometers was formed in 
the rotation unsymmetrical side of a mold for the protective coat of a platinumHantalum (Pt-Ta) alloy by the 
sputtering method. 

[0050] Furthermore, other molds which have the symmetry-of-revolution aspheric surface are prepared. The optical 
material 60 made of polycarbonate resin is arranged among molds 61 and 62 like the 1st operation gestaft shown in 
drawingJ3 . Either of the molds 61 and 62 has the rotation unsymmetrical side formed by the above-mentioned 
etching approach, and another side has the symmetry-of-revolution side formed by the conventional approach. 
After heating the optical material 60 and molds 61 and 62 to predetermined temperature, molds 61 and 62 were 
pressed by the predetermined pressure. Then, the optical material 60 and molds 61 and 62 were cooled. Thus, the 
optical element 50 was obtained. 

[0051] By repeating such a press molding process, 1000 lenses were fabricated in the same mold. Since the optical 
element 50 manufactured by press molding using the above-mentioned mold has the rotation unsymmetrical optical 
functional sides 51, such as a toric side, as shown in drawing 13 , an optical element 50 generates astigmatism. 
When the optical-character ability of an optical element 50 was measured, each optical element 50 generated the 
astigmatism of the almost same amount as the almost same direction. The average value of astigmatism was 
25mlambda (mlambda: 1/1000 of the wavelength of the light source used), and was a value moderate as an objective 
lens of the optical head for optical disk units. Moreover, the wave aberration of the optical element 50 whole was 
also good. The optical head was assembled using this optical element 50. As shown in drawing 7 and drawing 8 , the 
optical element was positioned by detecting the mark which shows the direction of rotation asymmetry. With the 2nd 
operation gestalt, since it is not necessary to actually measure astigmatism, in case an optical head is equipped with 
an optical element 50, an optical element 50 can be easily attached in the direction which has the optimal optical- 
character ability. The reproducing characteristics of the optical disk by the optical head using the optical element 50 
of the 2nd operation gestalt were superior to the reproducing characteristics using the conventional optical head 
using the lens fabricated with the mold of the conventional symmetry-of-revolution configuration. 
[0052] A desired rotation unsymmetrical configuration can be formed in a mold by controlling the configuration, the 
etching conditions, and the amount of etching of opening 23 of the resist film 22. The optical element which 
generates the astigmatism for which it asks by that cause can be obtained. Furthermore, an etching process is not 
limited to the example shown in drawing 6 . Some mold base materials 20 including a front face 21 may be dipped in 
an etching solution. In this case, what is necessary is just to form the resist film 22 in about 21 front face of the 
mold base material 20. The component of the etching solution 25 just etches the ingredient of the mold base 
material 20. With the 2nd operation gestalt in order to etch the nickel-plating film on the front face 21 of the mold 
base material 20, the sulfuric acid was used, but other things may be used as long as it can etch the protective coat 
of a mold base material or its front face. Moreover, although the nickel-plating film on the front face 21 of the mold 
base material 20 was etched with the 2nd operation gestalt the front face 21 of the mold base material 20 may be 
etched directly. 

[0053] (3rd operation gestalt) The 3rd operation gestalt of the manufacture approach of the mold suitable for the 
manufacture approach of the optical element of this invention and it is explained, referring to drawing 1 1 from 
drawing 9 . I n the 3rd operation gestalt the production process of the optical element using the optical element and 
mold which should be manufactured is substantially [ as the 1st operation gestalt ] the same. However, the 
manufacture approach of a mold of having the rotation unsymmetrical aspheric surface differs from the 1st 
operation gestalt. the 3rd operation gestalt — setting — rotation — the sputtering method is used as the formation 
approach of an unsymmetrical mold. 

[0054] As shown in drawing 9 , the middle assembly object 200 possesses the mold base material 30, and a mask 33 
and the mask fixture 35. The mask 33 is arranged through the mask fixture 35 above the mold base material 30. 
From the upper part of a mask 33, sputtered particles 36 go caudad, come flying, and form the film 31 in the front 
face of the mold base material 30. The alumina of the mold base material 30 is made of the cermet used as a 
principal component. 

[0055] In advance of a sputtering process, the symmetry-of-revolution aspheric surface is formed in surface 30a of 
the mold base material 30 by the conventional approach. The shaft corresponding to the optical axis of optical 
elements, such as a rotation unsymmetrical aspheric lens which should have the mold base material 30 fabricated, is 
rotated as a core. Feed motion of the grinding stone is carried out so that the processing point that a grinding stone 
and a mold base material touch may draw the non-radii cross-section configuration where the predetermined 
direction 52 of an optical element 50, for example, **** of drawing 12 , was met 

[0056] As shown in drawing 10 , the slash section is a part which has covered the mold base material 30 with the 
mask 33. For example, the diameter of surface 30a of the mold base material 30 was 6mm, and the magnitude of the 
rectangle opening 34 was 6mmx4mm. The distance of a mask 33 and surface 30a of the mold base material 30 was 
5mm. 
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[0057] Next. 14 middle assembly objects 200 were arranged on the holder with a diameter [ of a sputtering system ] 
of about 100mm, the air inside a sputtering system was lengthened, and it was made the vacuum. Then, argon (Ar) 
gas was introduced in the sputtering system. The pressure of argon gas was set to 0.1 3Pa. and discharge was 
generated in RF power 100W. Sputtering was performed for 60 minutes by using Pt-Re as a target. Consequently, 
the film 31 which has uneven thickness was formed on surface 30a of the mold base material 30 so that it might 
become rotation asymmetry. With the 3rd operation gestalt, the ingredient of the film 31 is the platinum-rhenium 
(Pt-Re) alloy formed by the sputtering method. This film 31 functions also as a protective coat for preventing a 
blemish and the optical material welding at the time of shaping. The thickness of the film 31 in a part for the core of 
a mold was 2 micrometers. Moreover, the thickness of the film 31 in the location which is distant from the core of a 
mold 2.5mm to X shaft orientations was 1.87 micrometers. The amount of displacement of the cross-section 
configuration of the mold in X shaft orientations from a configuration symmetrical with the first rotation was 0.13 
micrometers, the configuration error of a mold — an average — a variation rate — it was **0.02 micrometers to 
the amount of 0.1 3 micrometers. 

[0058] The cross-section configuration of the mold of the X-axis and Y shaft orientations which are shown in 
drawing 10 was measured. A measurement result is shown in drawing 1 1 . In drawing 1 1 , an axis of abscissa 
expresses the distance from a mold core to point of measurement and an axis of ordinate expresses the core of a 
mold for the amount of gaps of the configuration symmetrical with original rotation and the front face 32 of the film 
31 which were formed on surface 30a of the mold base material 30 in point of measurement as 0. Since, as for a 
part for the core of surface 30a of the mold base material 30 in Y shaft orientations, ************** an _ the film 
31 are formed on it with a mask 33 at homogeneity so that clearly from drawing 1 1 , the cross-section configuration 
of the mold of Y shaft orientations is not changing from the configuration of the beginning of surface 30a of the 
mold base material 30. On the other hand, since there are more amounts of the particle to which it adheres near the 
periphery section of the mold base material 30 in X shaft orientations near the core of surface 30a of ************ 
and the mold base material 30 with a mask 33 than the amount of the particle adhering to a periphery, the cross- 
section configuration of the mold in X shaft orientations turns into a configuration which inclines gently toward an 
outside from a core. Consequently, the shape of surface type of the mold corresponding to the front face 32 of the 
film 31 on the mold base material 30 serves as rotation asymmetry, such as for example, a toric side. The 
participation radius of curvature of X shaft orientations becomes larger than the radius of curvature of Y shaft 
orientations as a whole. 

[0059] Furthermore, another mold which has the symmetry-of-revolution aspheric surface was prepared, and the 
optical material 60 made in optical-glass VG79 among molds 61 and 62 has been arranged like the 1st operation 
gestalt shown in drawing 1 3 . One side of molds 61 and 62 has the rotation unsymmetrical aspheric surface formed 
by the describing [ above ] sputtering method, and another side has the symmetry-of-revolution aspheric surface 
formed by the conventional approach. The optical material 60 and molds 61 and 62 were heated to predetermined 
temperature, and molds 61 and 62 were pressed by the predetermined pressure. Then, the optical material 60 and 
molds 61 and 62 were cooled. Thus, the optical element 50 was obtained. 

[0060] Such a press molding process was repeated and 1000 optical elements were manufactured with the same 
mold. Since the optical element 50 cast with the above-mentioned mold has the rotation unsymmetrical optical 
functional sides 51, such as a toric side, an optical element 50 generates astigmatism. When the optical-character 
ability of an optical element 50 was measured, each optical element 50 generated the astigmatism of the almost 
same amount as the almost same direction. The average value of astigmatism was 25mlambda (mlambda: 1/1000 of 
the wavelength of the light source used), and was a value moderate as an objective lens of the optical head for 
optical disk units. Moreover, the wave aberration of the optical element 50 whole was also good. The optical head 
was assembled using this optical element 50. The optical element 50 is attached so that the radial astigmatism 
outside a shaft of a magneto-optic disk may be offset by the rotation unsymmetrical aspheric surface. The 
reproducing characteristics of the magneto-optic disk by the optical head using the optical element 50 of the 3rd 
operation gestalt were superior to the reproducing characteristics of the conventional optical head which used the 
lens of the conventional symmetry-of-revolution configuration. 

[0061] A desired rotation unsymmetrical configuration can be formed in a mold by controlling the amount of the 
particle adhering to surface 30a of the configuration of the opening 34 of a mask 33, the distance of a mask 33 and 
surface 30a of the mold base material 30, sputtering conditions, and the mold base material 30 etc. The optical 
element which generates the astigmatism for which it asks by that cause can be obtained. 

[0062] although the sputtering method was used as an approach of forming the film 31 with the 3rd operation gestalt 
— PVD (physical vapor deposition) — law and CVD (chemical vapor deposition) — law may be used. Moreover, 
although the film 31 which serves as a protective coat was formed in rotation asymmetry, an interlayer may be 
formed in rotation asymmetry and a protective coat may be formed on an interlayer at homogeneity. 
[0063] In each above 1st 2nd, and 3rd operation gestagen, as shown in each top view of drawing 2 , drawing 7 , and 
drawing 10 , although the whole mold of the mold base materials 1, 20, and 30 is a symmetry-ofrrevolution form, the 
configuration of a mold base material is not necessarily limited to a symmetry-of-revolution form. For example, as 
long as the front face in which an optical functional side is formed is the symmetry of revolution, about 
configurations other than the part in which optical functional sides, such as other parts of a mold base material, for 
example, the periphery section of a shaping side, a neck of a mold, or spittle, are formed, you may be rotation 
unsymmetrical forms, such as a rectangle cross section. [0064] furthermore — although the configuration of the 
front faces 1a, 3, 21, and 30a of a mold or a protective coat is symmetrical to a Y-axis in each above-mentioned 
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operation gestalt respectively — this invention — a shaft — it is applicable in order to form an unsymmetrical 
optical functional side. The configuration of masks 4 and 33 and the mask fixtures 7 and 35 is not limited to the 
operation gestalt which carried out [ above-mentioned ] illustration, but just covers an etching particle or a 
membrane formation particle. 
[0065] 

[Effect of the Invention] As mentioned above, the manufacture approach of the optical element of this invention 
possesses the process which arranges an optical material between the molds of a pair, the process which heats an 
optical material and a mold to predetermined temperature, and the process which presses a mold in order to imprint 
the configuration of a mold on the front face of an optical material, and the 1 st [ at least ] page of a mold is rotation 
asymmetry. According to this approach, since the rotation unsymmetrical configuration of a mold is imprinted on the 
surface of an optical element, it becomes possible to mass-produce the optical element which has the same optical 
engine performance. 

[0066] moreover, since the rotation unsymmetrical configuration of a mold is formed etching into an ununiformity 
the front face symmetrical with rotation of a protective coat established in a mold base material or its front face, or 
by making an ununiformity deposit the film on a front face symmetrical with rotation of a mold base material, it is 
special — manufacture of a mold becomes easy, without **(ing) and using an expensive processing machine. 
Moreover, the mold base material which has a configuration symmetrical with rotation can be easily formed in a 
front face by the conventional cutting or the grinding approach. Furthermore, in etching processing or membrane 
formation processing, since the etching rate or the membrane formation rate is stable, the amount of processings is 
easily controllable. So, the rotation unsymmetrical configuration of a mold can be formed correctly, without spoiling 
the symmetry-of-revolution configuration of the beginning of a mold base material. 

[0067] Moreover, the process which arranges a mask in the location which separated the rotation unsymmetrical 
configuration of a mold upwards from the front-face top of a mold base material etc. symmetrical with rotation, or 
the front face symmetrical with rotation, [ whether it forms in the front face of a mold base material etc. 
symmetrical with rotation through a mask by dry etching processing which has the process which irradiates ion or a 
radical, and ] Or the process which forms the resist film in the front face of a mold base material etc. symmetrical 
with rotation except the part of the predetermined configuration which should be etched at least, By forming by wet 
etching processing which has the process which dips the front face of a mold base material etc. symmetrical with 
rotation into an etching reagent at least, the etching processing technique currently performed conventionally is 
applicable, consequently — without it newly uses special equipment and a special technique — comparatively — 
easy — rotation — an unsymmetrical mold can be obtained. 

[0068] In the approach of making an ununiformity depositing the film on a front face symmetrical with rotation of the 
above-mentioned mold base material moreover, the rotation unsymmetrical configuration of a mold The process 
which arranges a mask, in the location upwards distant from the front-face top symmetrical with rotation of a mold, 
or the front face symmetrical with rotation, The sputtering method for having the process which irradiates a particle 
on a front face symmetrical with rotation of a mold base material, PVD (physical vapor deposition) — law and CVD 
(chemical vapor deposition) — the membrane formation technique which be chosen from law and which shifts, can 
form by that approach and is performed conventionally is applicable. Especially, by the conventional approach, 
manufacture becomes possible [ forming difficult toric side or cylindrical side on the surface of a mold ]. 
Furthermore, many molds can be formed in coincidence by etching processing or membrane formation processing. 
So, time amount which formation per mold takes can be shortened, and the cost per mold can be reduced. 
[0069] Moreover, in the approach of forming the film in the front face of a mold base material, or it etches the front 
face of a mold base material through a mask, the optical functional side of a mold base material can be formed in a 
desired configuration by adjusting the location of the optical functional side over the optical functional side of the 
configuration of opening of a mask, and/or a mold base material, furthermore — without the forming-membranes 
method can be applied to the formation process of the protective coat to the optical functional side of a mold, or 
the mold release film currently performed from the former and it increases the number of production processes of a 
mold — rotation — an unsymmetrical mold can be formed. 

[0070] furthermore, rotation of a mold — an unsymmetrical configuration — this rotation — since it is constituted 
so that shaft top wave aberration may be made to generate an astigmatism component when an unsymmetrical 
configuration is imprinted by the optical element, the wave aberration on a shaft can be made, as for optical 
elements, such as an aspheric lens which has at least one rotation unsymmetrical optical functional side 
manufactured by the above-mentioned approach, to generate an astigmatism component So, the optical element 
which generates the astigmatism of the almost same amount as the almost same direction can be mass-produced. 
[0071] Moreover, it can equip with an optical element easily by positioning the mark to the position of optical 
equipment by detecting the direction of the astigmatism generated by the rotation unsymmetrical optical functional 
side of an optical element, and carrying out marking of the direction of an optical element (clinging). So, it is 
omissible to adjust the direction of the optical element to an optical axis, acting as the monitor of the astigmatism. 
Furthermore, if the shape of toothing corresponding to a mark is formed in the edge part of a mold, a mark can be 
formed in manufacture and coincidence of an optical element at the edge section of an optical element, so, rotation 
— detection of the direction of the astigmatism generated by the unsymmetrical optical functional side is omissible. 
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TECHNICAL HELD 



[Field of the Invention] This invention relates to the manufacture approach of the rotation asymmetrical type 
suitable for the manufacture approach of optical elements, such as an aspheric lens used for an optical instrument, 
and it. 
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PRIOR ART 



[Description of the Prior Art] Generally, the optical head for an optical disk or magneto-optic disks is always driven 
to radial [ of a disk ], in order to carry out the tracking of the recording surface top of a disk. Therefore, in almost 
all cases, the data on the recording surface of a disk are read, or although data are written in on a recording 
surface, the field outside a shaft of an objective lens is used. However, since astigmatism increases in the field 
outside a shaft, the optical-character ability of the lens in the field outside a shaft is inferior as compared with the 
optical-character ability in a paraxial field. Furthermore, the light from the semiconductor laser used as the light 
source has the astigmatic difference. Moreover, the 2nd lens for condensing to a photodetector the light reflected 
by the recording surface of a disk also has astigmatism. Therefore, the record reproducibility ability of an optical 
head will deteriorate further. 

[0003] Therefore, various approaches. are proposed in order to raise the engine performance of an optical head, as 
the 1st conventional example .— JP.5-107467.A — at least — rotation — the objective lens which has an 
unsymmetrical optical functional side is proposed. The aberration on an optical axis can be made to generate an 
astigmatism component by forming the optical functional side of an objective lens in rotation asymmetry. The 
direction of an objective lens is adjusted so that aberration with the above-mentioned semiconductor laser or the 
2nd lens may be made to offset by the astigmatism generated by the rotation unsymmetrical side. Moreover, the 
method of grinding an optical material directly and processing it as 2nd conventional example, is learned. 
[0004] As 3rd conventional example, the manufacturing technology of the optical element by press forming is 
proposed by U.S. Pat. No. 5,015,280. The press-forming approach is a method of construction which imprints a mold 
configuration for an optical material. So, if a mold is processible with high precision, a desired optical element can be 
manufactured easily. When the optical element which should be manufactured is the symmetry of revolution like a 
symmetry-of-revolution aspheric lens, a mold can be formed using an ultraprecise CNC control machine tool. A 
mold rotates an optical axis as a core and feed motion of grinding or the cutting tool is carried out by the locus of 
the non-radii used as the cross-section configuration of a lens. Thereby, a mold can be manufactured comparatively 
easily in the configuration precision of about 0.1 micrometers. 

[0005] The method of making for example, a JP,5-107467,A official report generate astigmatism by controlling a 
process condition, using the mold of a symmetry-of-revolution configuration as 4th conventional example is 
proposed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, the manufacture approach of the optical element of this invention 
possesses the process which arranges an optical material between the molds of a pair, the process which heats an 
optical material and a mold to predetermined temperature, and the process which presses a mold in order to imprint 
the configuration of a mold on the front face of an optical material, and the 1st [ at least ] page of a mold is rotation 
asymmetry. According to this approach, since the rotation unsymmetrical configuration of a mold is imprinted on the 
surface of an optical element, it becomes possible to mass-produce the optical element which has the same optical 
engine performance. 

[0066] moreover, since the rotation unsymmetrical configuration of a mold is formed etching into an ununiformity 
the front face symmetrical with rotation of a protective coat established in a mold base material or its front face, or 
by making an ununiformity deposit the film on a front face symmetrical with rotation of a mold base material, it is 
special — manufacture of a mold becomes easy, without **(ing) and using an expensive processing machine. 
Moreover, the mold base material which has a configuration symmetrical with rotation can be easily formed in a 
front face by the conventional cutting or the grinding approach. Furthermore, in etching processing or membrane 
formation processing, since the etching rate or the membrane formation rate is stable, the amount of processings is 
easily controllable. So, the rotation unsymmetrical configuration of a mold can be formed correctly, without spoiling 
the symmetry-of-revolution configuration of the beginning of a mold base material. 

[0067] Moreover, the process which arranges a mask in the location which separated the rotation unsymmetrical 
configuration of a mold upwards from the front-face top of a mold base material etc. symmetrical with rotation, or 
the front face symmetrical with rotation, [ whether it forms in the front face of a mold base material etc. 
symmetrical with rotation through a mask by dry etching processing which has the process which irradiates ion or a 
radical, and ] Or the process which forms the resist film in the front face of a mold base material etc. symmetrical 
with rotation except the part of the predetermined configuration which should be etched at least, By forming by wet 
etching processing which has the process which dips the front face of a mold base material etc. symmetrical with 
rotation into an etching reagent at least, the etching processing technique currently performed conventionally is 
applicable, consequently — without it newly uses special equipment and a special technique — comparatively — 
easy — rotation — an unsymmetrical mold can be obtained. 

[0068] Moreover, it sets to the approach of making an ununiformity depositing the film on a front face symmetrical 
with rotation of the above-mentioned mold base material, and is the rotation unsymmetrical configuration of a mold, 
the sputtering method for having the process which arranges a mask in the location upwards distant from the front- 
face top symmetrical with rotation of a mold, or the front face symmetrical with rotation, and the process which 
irradiates a particle on a front face symmetrical with rotation of a mold base material, and PVD (physical vapor 
deposition) — law and CVD (chemical vapor deposition) — the membrane-formation technique which chooses from 
law and which shifts, can form by that approach and is performed conventionally is applicable Especially, by the 
conventional approach, manufacture becomes possible [ forming difficult toric side or cylindrical side on the surface 
of a mold ]. Furthermore, many molds can be formed in coincidence by etching processing or membrane formation 
processing. So, time amount which formation per mold takes can be shortened, and the cost per mold can be 
reduced. 

[0069] Moreover, in the approach of forming the film in the front face of a mold base material, or it etches the front 
face of a mold base material through a mask, the optical functional side of a mold base material can be formed in a 
desired configuration by adjusting the location of the optical functional side over the optical functional side of the 
configuration of opening of a mask, and/or a mold base material, furthermore — without the forming-membranes 
method can be applied to the formation process of the protective coat to the optical functional side of a mold, or 
the mold release film currently performed from the former and it increases the number of production processes of a 
mold — rotation — an unsymmetrical mold can be formed. 

[0070] furthermore, rotation of a mold — an unsymmetrical configuration — this rotation — since it is constituted 
so that shaft top wave aberration may be made to generate an astigmatism component when an unsymmetrical 
configuration is imprinted by the optical element, the wave aberration on a shaft can be made, as for optical 
elements, such as an aspheric lens which has at least one rotation unsymmetrical optical functional side 
manufactured by the above-mentioned approach, to generate an astigmatism component So, the optical element 
which generates the astigmatism of the almost same amount as the almost same direction can be mass-produced. 
[0071] Moreover, it can equip with an optical element easily by positioning the mark to the position of optical 
equipment by detecting the direction of the astigmatism generated by the rotation unsymmetrical optical functional 
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side of an optical element and carrying out marking of the direction of an optica! element (clinging). So, it is 
omissible to aajust the direction of the optical element to an optical axis, acting as the monitor of the astigmatism. 
Furthermore, if the shape of toothing corresponding to a mark is formed in the edge part of a mold, a mark can be 
formed in manufacture and coincidence of an optical element at the edge section of an optical element, so, rotation 
— detection of the direction of the astigmatism generated by the unsymmetrical optical functional side is omissible. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] however, the conventional example of the above 1st — like — rotation - 
- it is very difficult as a practical question to manufacture an unsymmetrical optical element in order [ moreover, ] 
to make an optical material and grinding stones, such as glass, rock mutually and to adjust each other and grind 
them by the direct grinding method which is the 2nd conventional example — inevitable — a flat surface — or only 
a spherical-surface configuration is processible. Therefore, by the conventional direct grinding method, it has the 
trouble that the optical element of a rotation unsymmetrical configuration cannot be manufactured. 
[0007] the optical element which should be manufactured in the 3rd conventional example — rotation — when it 
has an unsymmetrical optical functional side,- the processing machine which manufactures a mold is very 
complicated, and becomes an expensive highly precise and thing. That is, it must carry out during 1 rotation of a 
mold or a main shaft repeatedly, controlling advance retreat of a tool with high precision, attaching an encoder in the 
main shaft of a processing machine, and measuring angle of rotation of a mold, in order to detect angle of rotation of 
a mold, for example. Furthermore, it is difficult to secure the configuration precision of the mold formed of this 
processing. Moreover, in order to make the location of a tool follow rotation of a mold or a main shaft, a main shaft 
must be rotated very slowly, and it has the trouble that the floor to floor time of a mold will become long. 
[0008] In the 4th conventional example, control management of molding temperature, a temperature gradient 
compacting pressure, the shaping material configuration, etc. must be carried out with high precision. Furthermore, it 
has the trouble that it is difficult to secure the yield in the mass production of an optical element, and the direction 
of the astigmatism of a lens does not become settled. 

[0009] As mentioned above, it was difficult to manufacture the optical element of a rotation unsymmetrical 
configuration by the conventional manufacture approach. The purpose of this invention is offering the manufacture 
approach of the mold suitable for the approach and it which manufacture easily the optical element which has the 
optical functional side of a nonrotation symmetry configuration. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the manufacture approach of the 
optical element of this invention Arrange an optical material between the molds of a pair and said optical material 
and said mold are heated to predetermined temperature. It is the manufacture approach of the optical element 
which imprints the configuration of said type of optical functional side on the front face of said optical material by 
pressing said mold. Said type of at least one optical functional side is rotation asymmetry, and said rotation 
unsymmetrical configuration is formed by etching a field symmetrical with rotation of a mold base material into an 
ununiformity. 

[0011] In the above-mentioned configuration, said type of rotation unsymmetrical configuration is formed by the dry 
etching method, it is in the condition which has arranged the mask in the location separated from the location 
adjacent to the symmetry-of-revolution front face of said mold base material, or the front face for rotation to the 
upper part, and, as for said dry etching method, it is desirable to carry out by irradiating an ion beam or a radical 
beam on the symmetry-of-revolution front face of said mold base material. 

[0012] Or in the above-mentioned configuration, it is desirable to carry out by forming said type of rotation 
unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist film in the 
symmetry-of-revolution front face of said mold base material at least except for the part of the predetermined 
configuration which should be etched, and dipping the symmetry-of-revolution front face of said mold base material 
in an etching solution at least. 

[0013] In each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical configuration 
is a toric side or a cylindrical side. Moreover, in each above-mentioned configuration, when said rotation 
unsymmetrical configuration is imprinted by the optical element, it is desirable that it is the configuration which 
produces the astigmatism component of shaft top wave aberration. Moreover, in each above-mentioned 
configuration, it is desirable to form a protective coat in said type of rotation unsymmetrical front face at 
homogeneity. 

[0014] On the other hand, the manufacture approach of another optical element of this invention arranges an optical 
material between the molds of a pair. It is the manufacture approach of the optical element which imprints the 
configuration of said type of optical functional side on the front face of said optical material by heating said optical 
material and said mold to predetermined temperature, and pressing said mold. Said type of at least one optical 
functional side is rotation asymmetry, and said rotation unsymmetrical configuration is formed by etching into an 
ununiformity a field symmetrical with rotation of the protective coat formed on the mold base material. 
[0015] In the above-mentioned configuration, said type of rotation unsymmetrical configuration is formed by the dry 
etching method, it is in the condition which has arranged the mask in the location separated from the location 
adjacent to the symmetry-of-revolution front face of the protective coat on said mold base material, or the front 
face for rotation to the upper part, and, as for said dry etching method, it is desirable to carry out by irradiating an 
ion beam or a radical beam on the symmetry-of-revolution front face of said protective coat. 
[0016] Or in the above-mentioned configuration, it is desirable to carry out by forming said type of rotation 
unsymmetrical configuration by the wet etching method, and said wet etching method's forming the resist film in the 
symmetry-of-revolution front face of the protective coat formed in the front face of said mold base material at 
least except for the part of the predetermined configuration which should be etched, and dipping the symmetry-of- 
revolution front face of said mold base material in an etching solution at least. 

[0017] In each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical configuration 
is a toric side or a cylindrical side. Moreover, in each above-mentioned configuration, when said rotation 
unsymmetrical configuration is imprinted by the optical element, it is desirable that it is the configuration which 
produces the astigmatism component of shaft top wave aberration. 

[0018] Moreover, the manufacture approach of still more nearly another optical element of this invention Arrange an 
optical material between the molds of a pair and said optical material and said mold are heated to predetermined 
temperature. It is the manufacture approach of the optical element which imprints the configuration of said type of 
optical functional side on the front face of said optical material by pressing said mold. Said type of at least one 
optical functional side is rotation asymmetry, and said rotation unsymmetrical configuration is formed by forming the 
film to an ununiformity on the symmetry-of-revolution front face of a mold base material. 

[0019] the above-mentioned configuration — setting — said type of rotation unsymmetrical configuration — the 
sputtering method and PVD (physical vapor deposition) — law and CVD (chemical vapor deposition) — it shifts and 
it is formed by that approach, and it is in the condition which has arranged in the location which separated from the 
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location where said approach touches the symmetry-oH-evolution side of said mold base material in a mask or the 
symmetry-of-revolution side chosen from law to the upper part, and it is desirable to carry out by irradiating a 
particle in the symmetry-of-revolution side of said mold base material 

[0020] Moreover, in each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical 
configuration is a toric side or a cylindrical side. Moreover, in each above-mentioned configuration, when said 
rotation unsymmetrical configuration is imprinted by the optical element, it is desirable that it is the configuration 
which produces the astigmatism component of shaft top wave aberration. 

[0021] On the other hand, the manufacture approach of the rotation asymmetrical type for optical element shaping 
of this invention is arranged in the location which separated the mask from the location adjacent to the symmetry- 
of-revolution front face of a mold base material, or the front face for rotation to the upper part, and etches the 
symmetry-of-revolution front face of said mold base material into an ununiformity by irradiating an ion beam or a 
radical beam on the symmetry-of-re volution front face of said mold base material. 

[0022] Moreover, except for the part of the predetermined configuration which should be etched, the manufacture 
approach of another rotation asymmetrical type for optical element shaping of this invention forms the resist film in 
the symmetry-of-revolution front face of a mold base material at least and etches the symmetry-oFrevolution 
front face of said mold base material into an ununiformity by dipping the symmetry-of-revolution front face of said 
mold base material in an etching solution at least 

[0023] The manufacture approach of still more nearly another rotation asymmetrical type for optical element 
shaping of this invention is arranged in the location which separated the mask from the location adjacent to the 
symmetry-of-revolution front face of the protective coat formed on the mold base material, or the front face for 
rotation to the upper part and etches the symmetry-oH-evolution front face of said protective coat into an 
ununiformity by irradiating an ion beam or a radical beam on the symmetry-of-revolution front face of said 
protective coat 

[0024] The manufacture approach of still more nearly another rotation asymmetrical type for optical element 
shaping of this invention forms the resist film in the symmetry-of-revolution front face of the protective coat 
formed on the mold base material at least except for the part of the predetermined configuration which should be 
etched, and etches the symmetry-of-revolution front face of said protective coat into an ununiformity by dipping 
the symmetry-of-revolution front face of said protective coat in an etching solution at least 
[0025] In each above-mentioned configuration, it is desirable that said type of rotation unsymmetrical configuration 
is a toric side or a cylindrical side. Moreover, in each above-mentioned configuration, when said rotation 
unsymmetrical configuration is imprinted by the optical element, it is desirable that rt is the configuration which 
produces the astigmatism component of shaft top wave aberration. 

[0026] The manufacture approach of still more nearly another rotation asymmetrical type for optical element 
shaping of this invention forms the film to an ununiformity on the symmetry-of-revolution front face of a mold base 
material, the above-mentioned configuration — setting — said type of rotation unsymmetrical configuration — the 
sputtering method and PVD (physical vapor deposition) — law and CVD (chemical vapor deposition) — it shifts and 
it is formed by that approach, and it is in the condition which has arranged in the location which separated from the 
location where said approach touches the symmetry-of-revolution side of said mold base material in a mask or the 
symmetry-of-revolution side chosen from law to the upper part, and it is desirable to carry out by irradiating a 
particle in the symmetry-of-revolution side of said mold base material Moreover, in each above-mentioned 
configuration, it is desirable that said type of rotation unsymmetrical configuration is a toric side or a cylindrical side. 
Moreover, in each above-mentioned configuration, when said rotation unsymmetrical configuration is imprinted by 
the optical element it is desirable that it is the configuration which produces the astigmatism component of shaft 
top wave aberration. 

[0027] Furthermore, when etching a mold base material directly, it is desirable to form a protective coat in said type 

of rotation unsymmetrical front face at homogeneity. 

[0028] 

[Embodiment of the Invention] 

(1st operation gestalt) The 1st operation gestalt of the manufacture approach of the mold suitable for the 
manufacture approach of the optical element of this invention and it is explained, referring to drawing 5 , drawing 
1?. - ar, d drawing 13 from drawing 1 . The optical element 50 which should be manufactured by the approach of this 
invention is an aspheric lens, and is shown in drawing 12 . The optical functional side 51 of an optical element 50 is 
the rotation unsymmetrical aspheric surface, and has perpendicular **** 52 and level **** 53. It differs from 
vertical radius of curvature and horizontal radius of curvature. So, **** 52 and 53 connects a focus to two different 
points, respectively. An optical element 50 has astigmatism on the shaft An optical element 50 is manufactured by 
carrying out press molding of the optical material arranged between the molds of a pair. At least, one of the molds 
has the rotation unsymmetrical aspheric surface, and the rotation unsymmetrical aspheric surface is imprinted by 
the front face of an optical material. So, the optical functional side 51 of an optical element 50 is formed. 
[0029] Next, the manufacture approach of a mold of having the rotation unsymmetrical aspheric surface is explained. 
As shown in drawing 1 , the middle assembly object 100 possesses the mold base material 1, and a mask 4 and the 
mask fixture 7. A tungsten (W) and the carbon (C) of the mold base material 1 are made of the cemented carbide 
used as a principal component. In order to prevent the welding of a blemish and the optical material at the time of 
shaping on the front face of a mold, a protective coat 2 may be formed on surface 1a of the mold base material 1. 
The mask 4 is arranged in the location which only predetermined distance separated from the front face 3 of 
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surface 1a of the mold base material 1, or a protective coat 2 up through the mask fixture 7. The argon (Ar) ion 
beam 6 is caudad irradiated from the upper part of a mask 4, in order to etch the front face 3 of surface 1a of the 
mold base material 1, or a protective coat. 2. The mold base material 1 serves as a mold which has the rotation 
unsymmetrical aspheric surface, when a mold production process is completed. 

[0030] The aspheric surface symmetrical with rotation is beforehand formed in surface 1a of the mold base material 

1 by the approach for forming the conventional symmetry-of-revolution aspheric surface. The mold base material 1 
rotates as a core the shaft corresponding to the optical axis of the optical element which should be manufactured. 
And feed motion of the grinding stone is carried out so that the processing point that a grinding stone and a mold 
base material touch may draw the predetermined direction of an optical element 50, for example, the cross-section 
configuration of non-radii where **** 52 of drawing 1 2 was met. The configuration precision of the mold base 
material 1 processed by this processing method was about **0.1 micrometers. When forming a protective coat 2 in 
surface 1a of the mold base material 1, protective coats, such as a platinum-iridium (Pt-Ir) alloy, are formed by 3 
micrometers in thickness by the spatter. 

[0031] The slash section is a part covered with the mask 4 of the mold base material 1 so that clearly from drawing 

2 . For example, the diameter of the shaping side of the mold base material 1 including the edge section is 5mm, and 
surface 1a or the diameter of 3 is 4mm. The magnitude of the rectangle opening 5 is 5mmx2mm, and each opening 5 
sets spacing of 1mm, and is arranged in parallel. 

[0032] Next, it arranges to the etching system which shows the above-mentioned middle assembly object 100 
shown in drawing 1 to drawing 4 . With the 1st operation gestalt, the ECR (electron cyclotron resonance) ion beam 
etching system is used. An etching system possesses an etching chamber 9, the stage 10 where it is equipped with 
the middle assembly object 100, the ion beam accelerating electrode 11 prepared in the upper limit section of an 
etching chamber 9, and the ion gun 13 formed on the etching chamber 9. 

[0033] If a stage 10 is equipped with the middle assembly object 100, air will be removed so that the interior of an 
etching chamber 9 may serve as a vacuum. Then, argon (Ar) gas is introduced in an ion gun 13 through the gas 
installation bulb 14, and the plasma 12 is generated. The ion accelerating electrode 1 1 pulls out Ar ion from the 
plasma 12, and irradiates an ion beam 6 at the middle assembly object 100. The atom or molecule of a front face 3 
of surface 1a of the mold base material 1 or a protective coat 2 is flipped off by the collision of the ion which has 
come flying. Thereby, surface 1a of the mold base material 1 or etching processing of the front face 3 of a 
protective coat 2 is performed. 

[0034] In the 1st operation gestalt, the diameter at the maximum equator of the middle assembly object 100 was 
15mm. It equipped with seven middle assembly objects 100 on the stage 10 in an etching chamber 9. The diameter 
of the ion beam bundle from an ion gun 13 was 60mm. The mask 4 was separated from the front face 3 of surface 
1a of the mold base material 1, or a protective coat 2 10mm. The etching conditions are as follows. They were 
acceleration voltage 800V of the pressure of 0.09Pa of introductory Ar gas, and an ion beam 6, current density 1.0 
mA/cm2 of an ion beam 6, and irradiation time 3 minutes of an ion beam 6. 

[0035] The time amount which processing per mold took was about 90 minutes (1 hour, a half) including the time 
amount which lengthens air, in order to make into a vacuum the interior of the assembly time amount of the middle 
assembly object 100, the time amount which sets the middle assembly object 100 in an etching chamber 9, and an 
etching chamber 9. If the diameter of an ion beam bundle can be enlarged further, many molds can be manufactured 
efficiently. 

[0036] It measured to the X-axis and Y shaft orientations which show the cross-section configuration of the mold 
formed as mentioned above to drawing 2 and drawing 3 . A measurement result is shown in drawing 5 . the rotation 
after a configuration with an axis of ordinate symmetrical with the rotation before [ in / in drawing 5 , an axis of 
abscissa expresses the distance from a mold core to point of measurement, and / point of measurement ] etching, 
and etching — the core of a mold is expressed for the amount of gaps with an unsymmetrical configuration as 0. 
Since the field in alignment with the Y-axis of the front face 3 of surface 1a of the mold base material 1 or a 
protective coat 2 is etched into homogeneity by ****** and the ion beam 6 with a mask 4 so that clearly from 
d_ r aw.!.Qg.5. • the cross-section configuration of the mold of Y shaft orientations is not changing from a configuration 
symmetrical with the rotation before etching. On the other hand, since more fields which are distant from the core 
of a mold to X shaft orientations than a part for a core are exposed to an ion beam 6, the cross-section 
configuration of the mold of X shaft orientations inclines gently toward a periphery from the core. Consequently, the 
shape of surface 1a of the mold base material 1 after etching or surface type of the front face 3 of a protective 
coat 2 serves as rotation asymmetry like for example, a toric side. The overall radius of curvature of the mold of X 
shaft orientations becomes larger than the radius of curvature of the mold of Y shaft orientations. 
[0037] Furthermore, another mold which has a front face symmetrical with rotation is beforehand prepared by the 
conventional approach. As shown in drawing 13 , the optical materials 60, such as glass and resin, are arranged 
among molds 61 and 62. Either of the molds 61 and 62 has the rotation unsymmetrical side formed by the above- 
mentioned etching approach, and another side has the symmetry-of-revolution side formed by the conventional 
approach. Molds 61 and 62 and the optical material 60 are heated by the predetermined temperature which the front, 
face of the optical material 60 softens at least Molds 61 and 62 are pressed by the predetermined pressure so that 
the shape of surface type of molds 61 and 62 may be imprinted by the front face of the optical material 60. then, 
molds 61 and 62 and the optical material 60 are cooled — having — rotation — the optical element 50 which is the 
aspheric lens which has the unsymmetrical optical functional side 51 is obtained. 

[0038] In the 1st operation gestalt, the amount of the maximum gaps of the cross-section configuration of the mold 
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of X shaft orientations in the periphery section was set to 0.15 micrometers. The above-mentioned etching process 
was repeated 5 times, and 35 molds were manufactured in total. The configuration error of a mold was **0.02 
micrometers to the amount of design gaps of 0.15 micrometers. 

[0039] The press molding process was repeated and 1000 lenses were fabricated in the same mold. Optical-glass 
SF8 was used as an optical material, the optical element 50 cast using the above-mentioned mold — for example, 
rotation of a toric side etc. — since it has the unsymmetrical optical functional side 51, an optical element 50 
generates astigmatism. When the optical-character ability of an optical element 50 was measured, each optical 
element 50 generated the astigmatism of the almost same amount as the almost same direction. The average value 
of astigmatism was 30mlambda (mlambda: 1/1000 of the wavelength of the light source used), and was a value 
moderate as an objective lens of the optical head for optical disk units. Moreover, the wave aberration of the optical 
element 50 whole was also good. The optical head was assembled using this optical element 50. The optical element 
50 is attached so that the radial astigmatism outside a shaft of an optical disk may be offset by the shaft top 
astigmatism by the rotation unsymmetrical aspheric surface. The reproducing characteristics of the optical disk by 
the optical head using the optical element 50 of the 1st operation gestalt were superior to the reproducing 
characteristics using the conventional optical head which used the lens of the conventional symmetry-of-revolution 
configuration. 

[0040] A desired rotation unsymmetrical configuration can be formed in a mold by controlling distance, etching 
conditions, and the amount of etching with the front face 3 of the surface 1a or the protective coat 2 of the 
configuration of the opening 5 of a mask 4, a mask 4, and the mold base material 1. The optical element which 
generates the astigmatism for which it asks by that cause can be obtained. 

[0041] With the 1st operation gestalt, in order to etch the protective coat of a mold base material or its front face, 
argon ion was irradiated, but the same configuration can be acquired even if it is the dry etching method using other 
ion and radicals. Furthermore, although the protective coat 2 was formed in surface 1a of the mold base material 1 
before etching processing and the front face 3 of a protective coat 2 was etched when a protective coat 2 was 
formed, before forming a protective coat 2, surface 1a of the mold base material 1 may be etched into rotation 
asymmetry, and the after protective coat 2 may be formed in homogeneity. Furthermore, you may etch the front 
face 3 of surface 1a of the mold base material 1, or a protective coat 2 by making an ion beam operate it (scanning), 
without using a mask. 

[0042] (2nd operation gestalt) The 2nd operation gestalt of the manufacture approach of the mold suitable for the 
manufacture approach of the optical element of this invention and it is explained, referring to drawing 8 from drawing 
6 . In the 2nd operation gestalt, the configuration of the optical element which should be manufactured, and the 
process process of the optical element using a mold are substantially [ as the case of the 1st operation gestalt ] the 
same. However, the manufacture approaches of a mold of having the rotation unsymmetrical aspheric surface differ. 
[0043] As shown in drawing 6 , openings 23 and 24 are removed, and the whole surface of the mold base material 20 
j s ************ by t h e res i st fj| m 22. Opening 23 is formed so that the front face 21 of the mold base material 20 
may be countered. The opening 24 for forming a mark is formed so that edge section 21a of a front face 21 may be 
countered. The mold base material 20 which has the resist film 22 is dipped in the etching solution 25. So, the front 
face 21 of the mold base material 20 is etched into a rotation unsymmetrical configuration. The mold base material 
20 is made of chromium alloy stainless steel tool steel. 

[0044] The front face 21 of the mold base material 20 is roughly formed in the symmetry-of-revolution aspheric 
surface configuration by the conventional approach. The electroless-nickel-plating film (not shown) is given to the 
front face 21 of the mold base material 20 at least. Furthermore, the nickel-plating film on the front face 21 of the 
mold base material 20 is cut by the diamond tool using an ultraprecise engine lathe. So, the symmetry-of-revolution 
aspheric surface is made to the nickel-plating film on the front face 21 on the mold base material 20 so that it may 
be correctly in agreement with the cross-section configuration of the optical element 50 in alignment with **** 52 
shown in drawing 1 2 . The 5 time diluent of a sulfuric acid was used as an etching solution 25. 
[0045] For example, the radius of the front face 21 of the mold base material 20 was 2mm, and the width of face of 
flat edge section 21a was 1mm. Therefore, the total radius of the molding side of the mold base material 20 
containing the edge section was 3mm. All the front faces of the mold base material 20 except openings 23 and 24 
are ************ by the resist film 22 so that it may not be etched with the etching solution 25. Opening 23 is 
arranged in accordance with the shaft Y shown in drawing 7 . The width of face of opening 23 was 1mm, and die 
length was about 4mm. Opening 24 is formed on Shaft Y and the shaft X which intersects perpendicularly. The 
diameter of opening 24 was 0.6mm. 

[0046] The etching solution 25 is filled by glassware with a diameter of about 200mm, and is kept warm by 40 
degrees C. The ******** type base material 20 was arranged in the cage of 40-piece ****** by the resist film of 
16mm of diameters at the maximum equator, and it dipped in the etching solution 25 for 5 minutes. Then, the cage 
was pulled up from the etching reagent 25, and pure water washed. Consequently, the nickel-plating film on the front 
face 21 of the mold base material 20 was etched into rotation asymmetry. 

[0047] It measured to the X-axis and Y shaft orientations which show the cross-section configuration of the mold 
formed by the above-mentioned approach to drawing 7 . A measurement result is shown in drawing 8 . the rotation 
after a configuration with an axis of ordinate symmetrical with the rotation before etching [ in / in drawing 8 , an 
axis of abscissa expresses the distance from a mold core to point of measurement and / point of measurement ], 
and etching — the core of a mold is expressed for the amount of gaps with an unsymmetrical configuration as 0. 
Since a part for the core of Y shaft orientations of the nickel-plating film on the front face 21 of the mold base 
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material 20 is boiled with ************** and an etching reagent 25 by the resist film 22 and is etched more into 
homogeneity so that clearly from drawing 8 , the cross-section configuration of the mold of Y shaft orientations is 
not changing from a configuration symmetrical with the rotation before etching. On the other hand, since parts for 
many ************ and core of a moid are etched for the periphery of the nickel-plating film on the front face 21 
of X shaft orientations by the etching reagent rather than a circumference part by the resist film 22, in the cross- 
section configuration of the mold of X shaft orientations, about 0.1 micrometers of circumference parts are high 
relatively to a part for a core. Furthermore, the depression is formed in the location which counters opening 24 in 
the part of -3 from the distance (radius) -2 of drawing 8 . Consequently, the configuration on the front face of a 
mold serves as rotation asymmetry like for example, a toric side. The radius of curvature of the mold of X shaft 
orientations becomes small relatively rather than the radius of curvature of the mold of Y shaft orientations. 
[0048] When the configuration of 40 molds formed by the above-mentioned approach was measured, the 
configuration error of the cross-section configuration of the mold of X shaft orientations was within the limits of - 
0.02 to +0.03 micrometers to the amount of average gaps of 0.1 micrometers, and dispersion was small. 
[0049] In addition, in order to prevent the welding of a blemish and the optical material on the front face of a mold 
at the time of molding of an optical element, the protective coat with a thickness of 2 micrometers was formed in 
the rotation unsymmetrical side of a mold for the protective coat of a platinum-tantalum (Pt-Ta) alloy by the 
sputtering method. 

[0050] Furthermore, other molds which have the symmetry-of-revolution aspheric surface are prepared. The optical 
material 60 made of polycarbonate resin is arranged among molds 61 and 62 like the 1st operation gestalt shown in 
drawing 13 . Either of the molds 61 and 62 has the rotation unsymmetrical side formed by the above-mentioned 
etching approach, and another side has the symmetry-of-revolution side formed by the conventional approach. 
After heating the optical material 60 and molds 61 and 62 to predetermined temperature, molds 61 and 62 were 
pressed by the predetermined pressure. Then, the optical material 60 and molds 61 and 62 were cooled. Thus, the 
optical element 50 was obtained. 

[0051] By repeating such a press molding process, 1000 lenses were fabricated in the same mold. Since the optical 
element 50 manufactured by press molding using the above-mentioned mold has the rotation unsymmetrical optical 
functional sides 51, such as a toric side, as shown in drawing 1 3 , an optical element 50 generates astigmatism. 
When the optical-character ability of an optical element 50 was measured, each optical element 50 generated the 
astigmatism of the almost same amount as the almost same direction. The average value of astigmatism was 
25mlambda (mlambda: 1/1000 of the wavelength of the light source used), and was a value moderate as an objective 
lens of the optical head for optical disk units. Moreover, the wave aberration of the optical element 50 whole was 
also good. The optical head was assembled using this optical element 50. As shown in drawing 7 and d ra wing 8 , the 
optical element was positioned by detecting the mark which shows the direction of rotation asymmetry. With the 2nd 
operation gestalt, since it is not necessary to actually measure astigmatism, in case an optical head is equipped with 
an optical element 50, an optical element 50 can be easily attached in the direction which has the optimal optical- 
character ability. The reproducing characteristics of the optical disk by the optical head using the optical element 50 
of the 2nd operation gestalt were superior to the reproducing characteristics using the conventional optical head 
using the lens fabricated with the mold of the conventional symmetry-of-revolution configuration. 
[0052] A desired rotation unsymmetrical configuration can be formed in a mold by controlling the configuration, the 
etching conditions, and the amount of etching of opening 23 of the resist film 22. The optical element which 
generates the astigmatism for which it asks by that cause can be obtained. Furthermore, an etching process is not 
limited to the example shown in drawing 6 . Some mold base materials 20 including a front face 21 may be dipped in 
an etching solution. In this case, what is necessary is just to form the resist film 22 in about 21 front face of the 
mold base material 20. The component of the etching solution 25 just etches the ingredient of the mold base 
material 20. With the 2nd operation gestalt in order to etch the nickel-plating film on the front face 21 of the mold 
base material 20, the sulfuric acid was used, but other things may be used as long as it can etch the protective coat 
of a mold base material or its front face. Moreover, although the nickel-plating film on the front face 21 of the mold 
base material 20 was etched with the 2nd operation gestalt, the front face 21 of the mold base material 20 may be 
etched directly. 

[0053] (3rd operation gestalt) The 3rd operation gestalt of the manufacture approach of the mold suitable for the 
manufacture approach of the optical element of this invention and it is explained, referring to drawing 1 1 from 
drawing 9 . In the 3rd operation gestalt the production process of the optical element using the optical element and 
mold which should be manufactured is substantially [ as the 1st operation gestalt ] the same. However, the 
manufacture approach of a mold of having the rotation unsymmetrical aspheric surface differs from the 1st 
operation gestalt. the 3rd operation gestalt — setting — rotation — the sputtering method is used as the formation 
approach of an unsymmetrical mold. 

[0054] As shown in drawing 9 , the middle assembly object 200 possesses the mold base material 30, and a mask 33 
and the mask fixture 35. The mask 33 is arranged through the mask fixture 35 above the mold base material 30. 
From the upper part of a mask 33, sputtered particles 36 go caudad. come flying, and form the film 31 in the front 
face of the mold base material 30. The alumina of the mold base material 30 is made of the cermet used as a 
principal component. 

[0055] In advance of a sputtering process, the symmetry-of-revolution aspheric surface is formed in surface 30a of 
the mold base material 30 by the conventional approach. The shaft corresponding to the optical axis of optical 
elements, such as a rotation unsymmetrical aspheric lens which should have the mold base material 30 fabricated, is 
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rotated as a core. Feed motion of the grinding stone is carried out so that the processing point that a grinding stone 
and a mold base material touch may draw the non-radii cross-section configuration where the predetermined 
direction 52 of an optical element 50, for example, **** of drawing 12 , was met 

[0056] As shown in drawing 10 , the slash section is a part which has covered the mold base material 30 with the 
mask 33. For example, the diameter of surface 30a of the mold base material 30 was 6mm, and the magnitude of the 
rectangle opening 34 was 6mmx4mm. The distance of a mask 33 and surface 30a of the mold base material 30 was 
5mm. 

[0057] Next, 14 middle assembly objects 200 were arranged on the holder with a diameter [ of a sputtering system ] 
of about 100mm, the air inside a sputtering system was lengthened, and it was made the vacuum. Then, argon (Ar) 
gas was introduced in the sputtering system. The pressure of argon gas was set to 0.1 3Pa, and discharge was 
generated in RF power 100W. Sputtering was performed for 60 minutes by using Pt-Re as a target. Consequently, 
the film 31 which has uneven thickness was formed on surface 30a of the mold base material 30 so that it might ' 
become rotation asymmetry. With the 3rd operation gestalt, the ingredient of the film 31 is the platinum-rhenium 
(Pt-Re) alloy formed by the sputtering method. This film 31 functions also as a protective coat for preventing a 
blemish and the optical material welding at the time of shaping. The thickness of the film 31 in a part for the core of 
a mold was 2 micrometers. Moreover, the thickness of the film 31 in the location which is distant from the core of a 
mold 2.5mm to X shaft orientations was 1.87 micrometers. The amount of displacement of the cross-section 
configuration of the mold in X shaft orientations from a configuration symmetrical with the first rotation was 0.13 
micrometers, the configuration error of a mold — an average — a variation rate — it was **0.02 micrometers to 
the amount of 0.13 micrometers. 

[0058] The cross-section configuration of the mold of the X-axis and Y shaft orientations which are shown in 
drawing 10 was measured. A measurement result is shown in drawing 1 1 . In drawing 1 1 , an axis of abscissa 
expresses the distance from a mold core to point of measurement, and an axis of ordinate expresses the core of a 
mold for the amount of gaps of the configuration symmetrical with original rotation and the front face 32 of the film 
31 which were formed on surface 30a of the mold base material 30 in point of measurement as 0. Since, as for a 
part for the core of surface 30a of the mold base material 30 in Y shaft orientations, ************** anc j t h e f j| m 
31 are formed on it with a mask 33 at homogeneity so that clearly from drawing 1 1 , the cross-section configuration 
of the mold of Y shaft orientations is not changing from the configuration of the beginning of surface 30a of the 
mold base material 30. On the other hand, since there are more amounts of the particle to which it adheres near the 
periphery section of the mold base material 30 in X shaft orientations near the core of surface 30a of ************ 
and the mold base material 30 with a mask 33 than the amount of the particle adhering to a periphery, the cross- 
section configuration of the mold in X shaft orientations turns into a configuration which inclines gently toward an 
outside from a core. Consequently, the shape of surface type of the mold corresponding to the front face 32 of the 
film 31 on the mold base material 30 serves as rotation asymmetry, such as for example, a toric side. The 
participation radius of curvature of X shaft orientations becomes larger than the radius of curvature of Y shaft 
orientations as a whole. 

[0059] Furthermore, another mold which has the symmetry-ofrrevolution aspheric surface was prepared, and the 
optical material 60 made in optical-glass VC79 among molds 61 and 62 has been arranged like the 1st operation 
gestalt shown in drawing 13 . One side of molds 61 and 62 has the rotation unsymmetrical aspheric surface formed 
by the describing [ above ] sputtering method, and another side has the symmetry-ofrrevolution aspheric surface 
formed by the conventional approach. The optical material 60 and molds 61 and 62 were heated to predetermined 
temperature, and molds 61 and 62 were pressed by the predetermined pressure. Then, the optical material 60 and 
molds 61 and 62 were cooled. Thus, the optical element 50 was obtained. 

[0060] Such a press molding process was repeated and 1000 optical elements were manufactured with the same 
mold. Since the optical element 50 cast with the above-mentioned mold has the rotation unsymmetrical optical 
functional sides 51, such as a toric side, an optical element 50 generates astigmatism. When the optical-character 
ability of an optical element 50 was measured, each optical element 50 generated the astigmatism of the almost 
same amount as the almost same direction. The average value of astigmatism was 25mlambda (mlambda: 1/1000 of 
the wavelength of the light source used), and was a value moderate as an objective lens of the optical head for 
optical disk units. Moreover, the wave aberration of the optical element 50 whole was also good. The optical head 
was assembled using this optical element 50. The optical element 50 is attached so that the radial astigmatism 
outside a shaft of a magneto-optic disk may be offset by the rotation unsymmetrical aspheric surface. The 
reproducing characteristics of the magneto-optic disk by the optical head using the optical element 50 of the 3rd 
operation gestalt were superior to the reproducing characteristics of the conventional optical head which used the 
lens of the conventional symmetry-of- revolution configuration. 

[0061] A desired rotation unsymmetrical configuration can be formed in a mold by controlling the amount of the 
particle adhering to surface 30a of the configuration of the opening 34 of a mask 33, the distance of a mask 33 and 
surface >30a of the mold base material 30, sputtering conditions, and the mold base material 30 etc. The optical 
element which generates the astigmatism for which it asks by that cause can be obtained. 

[0062] although the sputtering method was used as an approach of forming the film 31 with the 3rd operation gestalt 

PVD (physical vapor deposition) — law and CVD (chemical vapor deposition) — law may be used. Moreover, 
although the film 31 which serves as a protective coat was formed in rotation asymmetry, an interlayer may be 
formed in rotation asymmetry and a protective coat may be formed on an interlayer at homogeneity. 
[0063] In each above 1st 2nd, and 3rd operation gestagen, as shown in each top view of drawing 2 , drawing 7 , and 
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drawing 10 , although the whole mold of the mold base materials 1, 20, and 30 is a symmetry-of-re volution form, the 
configuration of a mold base material is not necessarily limited to a symmetry-of-revolution form. For example, as 
long as the front face in which an optical functional side is formed is the symmetry of revolution, about 
configurations other than the part in which optical functional sides, such as other parts of a mold base material, for 
example, the periphery section of a shaping side, a neck of a mold, or spittle, are formed, you may be rotation 
unsymmetricai forms, such as a rectangle cross section. 

[0064] furthermore — although the configuration of the front faces 1a, 3, 21, and 30a of a mold or a protective coat 
is symmetrical to a Y-axis in each above-mentioned operation gestalt respectively — this invention — a shaft — it 
is applicable in order to form an unsymmetricai optical functional side. The configuration of masks 4 and 33 and the 
mask fixtures 7 and 35 is not limited to the operation gestalt which carried out [ above-mentioned ] illustration, but 
just covers an etching particle or a membrane formation particle. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

I.Piawjng_Il The sectional view showing the approach and middle assembly object which form the mold used in the 
1st operation gestalt of the manufacture approach of the mold suitable for the manufacture approach of the optical 
element of this invention, and it 

iPj^jngJO. The top view of the middle assembly object shown in drawing 1 which shows the configuration and 
relative position of a mold base material and a mask in the 1st operation gestalt 

[Drawing 3] The perspective view showing the configuration of the mold formed in the 1st operation gestalt 
[Drawing 4] The flank sectional view showing the etching system used with the 1 st operation gestalt in order to 
form a mold 

[P_ramQg._5] The graph which shows the data corresponding to the shaft X of drawing 2 in the 1st operation gestalt 
ar| d drawing 3 , and the cross-section configuration of the mold after etching of the direction of Y 
[Drawing 6] The flank sectional view showing how to form the mold used in the 2nd operation gestalt of the 
manufacture approach of the mold suitable for the manufacture approach of the optical element of this invention, 
and it 

[Drawing 7] The top view of the midcourse phase of the mold base material in which the configuration and relative 
position of a mold base material and a mask in the 2nd operation gestalt are shown 

[Drawing 8] The graph which shows the data corresponding to the shaft X of drawing 7 in the 2nd operation gestalt, 
and the cross-section configuration of the mold after etching of the direction of Y 

[Drawing 9] The flank sectional view showing the approach and middle assembly object which form the mold used in 
the 3rd operation gestalt of the manufacture approach of the mold suitable for the manufacture approach of the 
optical element of this invention, and it 

[Drawing 10] The top view of the middle assembly object shown in drawing 9 which shows the configuration and 
relative position of a mold base material and a mask in the 3rd operation gestalt 

[Drawing 11] The graph which shows the data corresponding to the shaft X of drawing 10 in the 3rd operation 
gestalt, and the cross-section configuration of the mold after membrane formation of the direction of Y 
lQraw^gJ2l The perspective view showing the optical element manufactured by the approach of this invention 
[Drawing 13] The flank sectional view showing the press molding process of the manufacture approach of the optical 
element of this invention 
[Description of Notations] 

1 : Mold Base Material 

1a: Mold base material front face 

2 : Protective Coat 

3 : Protective Coat Front Face 

4 : Mask 

5 : Rectangle Opening 

6 : Ion Beam 

7 : Mask Fixture 

9 : Etching Chamber 

10 : Stage 

11 : Ion Beam Accelerating Electrode 

12 : Plasma 

13 : Ion Gun 

14 : Introductory Bulb 

20 : Mold Base Material 

21 : Mold Base Material Front Face 

22 : Resist Film 

23 : Opening 

24 : Opening 

25 : Etching Reagent 

30 : Mold Base Material 

30a: Mold base material front face 

31 : Film 
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32 : Film Front Face 

33 : Mask 

34 : Rectangle Opening 

35 : Mask Fixture 

36 : Sputtered Particles 

50 : Optical Element 

51 : Optical Functional Side 

52 : **** 

53 : **** 

60 : Optical Material 

61 : Mold 

62 : Mold 

100 : Middle Assembly Object 
200 : Middle Assembly Object 



[Translation done.] 



http:/ / www4jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



04/11/26 



1/4 K—*J 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 




[Drawing 4] 
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[Drawing 5] 



© 

iJ 0 






Y 




Q15 



















£¥S (mm) 



[Drawing 6] 
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[Drawing 7] 




[Drawing 9] 
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lilteftSife^^©^:^. 
[R*R8] RGB®DIERttfti*#liK7<rxy? 
y^jSS ft, flfBK^'fx^^v^liTX 

* £it*Ka«ttx0«KB<&@tEttft£®i=&f sets 

tf-A£!£S*1- & d tl-J; y ft 5 R#« 7 ER©ifc 
¥$*©R>t7jSfe. 



t ts?FEa«»©SBi=K)a**i.fcfiKR©Eie»fi!a 
BKuvxhRsiBusu '>£ < <t tiaEae#©@e 
*t»gB £ x > c 1 1= <*: y ft 5 r*« 

[R*« 1 0 ] nmmoEmmumfttf h-y ? $ 
bxi* •> y > k y * )i>mv 1 ^ e. 9 ©ur *i 

*McEK©it^^©Sji73^. 
[R*« 1 1 ] ttGn6*ttfti»ttli. 3fc^3tm=£ 
¥*itxfcK5l=, tt±RBttR©#i£«SltJa#££i;-&» 

©»B*a. 

[R*81 2] #S£Rtt£-*r©a©fii)lcEBU «t 

E^is«ai;siiEa$fiirS©iSgi=iiDiftL. istrEas 

^l^Xf-Sc: ticj: ymEa©3t¥«f£B©Jfc#£li!lE 

t. KFEa©'>'»< <tt 1 -o(n%^mm[-imm%n^ 
R*T«9-i=*wr * = t i=<k y Mis**t-s jt^s^© 

Kit**. 

[IS*«13] |iJEa©@B^«^*tli. X/^-y^ 
y>^S» PVD(physical vapor deposit ion) 
CVDfchemical vapor depositiortSA^^SW^F M- 
L^*>©73ai=«ty^iffi*^. fIE*a(*VX^$|!l 

Eas#©is«E»«!Bi=s-r«)fiisxii®e«»®*^ 
±7fi=ii*tfciaei=EeLfc«st7. idEae#©isie 

»»®l=*4^-£figWr^-i:l=<feyft5IS*Sl 2E« 
©^^^©fiitTjao 

[R*8 1 4 ] gIEa©®!£3^«;^!KA< K-y -y ^7 
®XI*->y> Ky*;UBt?j5i>R*«1 2X1*1 3I=E 
R©3t¥^©fiit7fa. 

[R*«i 5] BtrEiH]i53W«!^ii, ifcSMft^ice 

ttt?fe-5IS*«1 2^f>1 4©lvf*ubM::Ee©#5 s if5 

?-©Sjt*a. 

1 6 ] sas«©iHie»f};s®icftf 

L, |iJEa«*t©HH£»»a®(=-r^>tf-AXI*5i> 
* ;u e- A$ RStff 5 b iz * y lillEa«tt©lsl*E*J» 

s® * ic x v ^v*%%^%*m&m®mm 
#a©»jt*a. 

[8S^«17] X'y^>^$4tS-<fRlrS^«©SP^ 

$k?lnt, '>*<tta**t©isie»»s®i=L/vxh 

KS^fiKL. £tf!JEa**t©lsUK*tft8B£x 
•y ^ c b \z * y |iIEa«*t©lHie«ff S 

BS ^-l=x ^ •S^m^lS^ffliaHSIWf* 

a©fiit**. 

[IS*«18] TX<7$a*«±IC^(a$:h.fc«HR 
©m£»ftgBI=J£-f£&EXI*0e**££®A^±* 
l=«*ifctt«l=EBL. !5E«Sii©iie»fi;$Blc-f 
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*>e-Axii7va;ue-A£!8#-f-&ct(-«fcyii!j 

szimmmiz u vx kks^js u < t tfiESBi 
mom&ti&mm £ x ^ >vmm\z®? z. t ic* y m 

E«B«©BB»*aB£**S-(::x 
B?£K£B£B»tt£©SS*£. 
[S*Jl2 0] gJfBS©@e*»«:K«A<h-'J-y^ 

bxi**>u> K'j*;uBTfcssf*ai 6^bi 9©^ 

rsKjW=EB©**B**BBBB#»*B©Ba* 

ft. 

[»*«2-l] »EBBB»**tttt, **B*I=B 
ttt?fe£IS#« 16 6 2 0©lvf*i*M=EB©a¥B*- 

BBT«**B*«»HBB#»*s©B»*ft. 

[|S*«2 3] «rEB©BB#»»i»#l*, X/<?* 
'J>^;4» PVD(physical vapor deposit ion) ftRtf 
CVD (chemical vapor deposition) ftfrb3i#?£;h.fc 
l*f:Kfr©*ai=«fcy»jS**u firE7jftli^X2£l?iJ 

Ese«<oBe»»Bi=ffi-rs<asxi*iHie»»B^c> 
Jt*i::B*ifcttB(=EBLfc*B-c. ftrEssttronifE 

»#BI=tt^*B»r* = fcl=J:9fr5B*a2 2ffi« 
©&¥B?£»BB££*ffliS©fltt#ft. 

[»**2 4] BEBOBEBttfiiMfcBith— U » * 

BXI**> 'J > K 'J a;UBT?fcS»*« 2 2 XI* 2 3 ICE 

mo>%¥m*f$.Mm ®£$**&b om 

ttT?itE.*li*« 2 2*n& 2 4 ©ivf ftAMCEK©^*! 
*-ja»BIS]E#*t»S!©BBSft. 

[SS*« 2 6 ] ttE£©BB#tttt£B(=£BK £4 
-CBBLfeBaMM 6X1*1 7 l=EB©ft?ft?£» 
BBC^ttftSOSS^S. 

[BBtOBII^KB] 

[000 1] 

f * B££»HfcS©B£«fti::H-f « t © -e fc * . 
[0 0 0 2] 

[tt*©ftffi] -»(::. ftf^ x^jfettax-fX^ffi 
©Jt^-f Hli, 7 : ^X^©E«l®±$h : 7^*>y-r-5> 
fcAlc. Bl=?.r;i#©¥SftMi::an&ii«. tto 

*«Lfcy. e»s±i=t — s« t»at?©i=. *t«3L/> 

X©BrtB«*HWB4*i*. L*Lft*<e>, NftBttC 
felt* l/:/X©**ttBli. ftftBttC&btTWAaB 



1f-A>b©3fctt^jfiBS«^-r4. *fc. ^-fX>7©IE 
BB(=J:ySlt**ifc*tftttHl»l=«*r*fcft©« 

2©^>x*#jS«ait*-r4. *©fcft. #MfW 

[0003] -?-©fctf>. 3fe^? K©14B£fil±Sl*-5fc 
AI=a«©*aA<»3E**VTt>*. £ 1 ©tt*Bi: L 
T, <51x.lf#ig¥5- 1 0 7 4 6 7#&«u:i*. '>£< 
fctBB»»»<i:**««B«*-r*»*U>X3i<fflK 
StlTU-S. tt&U>X©#£«f£®£0«KaW*f*l::l& 
dWicilcJcy. %M±©BBi::*iAiftBJft#£££ 
Straw ««5U>X©73ia]lt. BBfttt* 
BI=J:yB£d4i«»A«lBl=J:y. JtE^BttU— V 
A?>£ 2© U>Xlc<k*WM$ffi8$1±* <fc 5 lcSIS$*t 
£fc. S2©tt*fii|tU. £9£#£BffttBl 

[0 0 0 4] !S3©tt*0i|<!:LT\ «;tli#S1$ltSs 
5, 0 1 5. 2 8 0^-IC. ^L/Xnt^lC^^jfe^^© 
SiiftffiA<^$*lTLN€) 0 :?UXfttfl27j&li. SHMK 
*«¥B#i::BW*XttT?fe*. **itf>;t. *,LS!£ 
BttflEI=ttl-e**itf. BfS©3t^m?^^(cSigf 

SHBU>X»©J:5l=HC»»-ed5*»#. HliiB*8ffi 
C N CS»Iff««« fflUTMt S ^ t £ 
I33fctti£+<t>£ LTEHESil. BMfcSlMHDMXJIli 
UVX©KB»«t«:*#nB©«ll»T?ayilB**i 
w*tl=«fcy, $50. 1 //m©»««B-C. tt&Mg 

[0 0 0 5] S4(l)ft*MtLT. «a.«1ttM*5-1 

0 7 4 6 7ttBl=l*. BB*f»»tt©B£ffil.*T\ 
ftft*B»f SC fcc* y gtett££«££l*«#ft«t 

[0 0 0 6] 

[«B*«B*t*3t^*RB] LfrLtttffc. ±E$ 

1 ©«*«©* 5 l=BC3P»*<f**«**B»r4 = 
tli. BBMBt UTI^«I=BB-Cfc*. *fc> £2© 
B&fl-efc«BttBBft-<:tt. #5Xtf©*«Wi« 
SfcffiSlcffiibSti-. IS y£*rB-CWSf 

I*. ttoT. f£*©E8HJrBft-l?l*. @e*»»P«© 

•6. 

[ooo7] m3©tt*«flt?i*. as*^'5.'<#3t^m 

WBB#»*4*5MlttB**f SJ^E^-r 
«BxBHcftBl=«tt-e. BBB-CJ^oBBftt©*:* 
•So tfcfc*., BX.l2B©BBAB«BB-t««:«l=x 
>a-y*ttxB©4BI=*y#lt. £©IsieftS*fl 
SL<fA<e.. SX(*±tt©10B*(=, X^©l5itfti6 
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£Bfl>BBI=»tt*tt*fc»l=iB*IMSI=i4>o < U i 
@lK*-e«if tuifc&r. sroinxftBtfJK ftor L 

[0 0 0 8] §5 4©tt*0iJ-<?l±, fiE^SS. Sg£)SB. 

(*ftS>fcl\ *e>l=, *"«¥OKi:Sl>T#B*y 

©*|S]*<g* f, ft 1* £ i/> 5 PqIIIjS £ £-f a . 
[0 0 0 9] Kl±<0«fc5l-. tt*<DSig**T?l±. @K 

[0 0 10] 

SftBKEBU BEife^Sitf&tfBEBfcHfSaSg 

BBB«>»tt*ffe*¥B4t®8Bf=£*-*-«*¥B? 
©BBaa-CBoT. BEH<D'>ft.< £ 1 1 ■O0>ft¥1& 

mmmm#*mvibii . BBBBiMfiwRtt&Btt 
©®B**»ft® i=x -> ^ >?-f * - <t i= J: y u 

[00 11] ±E«tfttl=33^T\ BIBB®BIS*»H*» 
ttfi K 7 -f I -y >?&K J; y Mm £ *u BE K 5 -f x 

1*7 ;u fc*-A£8BStr •& Z £ (= «fc y ft 5 - 1 

[0 0 12] *fcl±. ±E8ffttlcfc^T. tfiiEBroiaie 
IWfrftMKli^x-;, H7f>y4i:j:t)iMSh. fr 

ttoew** Blvc4>ft < t & firfaB©#<D@g*t*m® 

1= ix vx U '>ft < t ttttBS*«©Be» 

f*g® £ x ^ > y jgjgic^ d <t 1= «fc y 5 c k tm 

[0013] ±E««jaica3^-c. mmnmmmft 
mm< h-y v^ixitvy > h*y *;u®-cfc-5-t*< 

JfffcUv *f=. ±E«-B*l=ei'*T.'BEBC#»» 
•Btttt, ft*BTI=«*S*ifciH=. tt±;£®tega># 

±E&«t*lcj3LNr. ttEflaBBftttftBBCBJBB 

[0 0 14] *«W©gi|0)it^m^<DBit** 

tftie&eBBaBBKftiKU BES£?i/X-f 

t ict: yiiiiEa©jt^«t6®©^$fFEJt^*t©s 



Bi=£rr 3#¥S£*©gjt*&T?fe-3T\ .mesa* 
ft < * 1 1 r><n%<£ismmmm.imifrT!ih y . beb 

ft® £ ^JS-ICX «/ ? >?"f £ d t (C J: y »n?S*l£. 

[0015] ±E«j«i=fet»T. BG&a>BlE$aittB 

«l±K7-fx-y^>^lc«fcy^fiE*^.» BE K^-fx 
"y?>?&l*T*$ £fnESS#±<D£BKa>B£*Ht 

s®ics^^fisxi±@e«ss®A^±*icgi4tfc<a 

B(=EELfcttBt*. MBS:Blg<»lHlSSt«;S®(~'f7|- 
> fc'-AXIi? S>*UU f-AS B»T -5 C i: lc<fc y 5 

[0 0 16] *fcl±. ±E«jai=fctxT, STE$!©lHlg 
3f»#»l*«:«5x? hx.y^>^|cj:y^fie$tu. fr 

e^x.^ hx-y^v^aiix-y^^y^tLS-t^msp 

«<»a!»£^^T. '>ft< t*flEB»*t©«EI=»fiE 
*4tfc«Bl^roiElg««;S®l=UvX hB«B«L. 'P 

ft < t tfiEs«*f©®e««;5®$x-y j-^fmmz 
s-r c 1 1= i. y ff a w t ll^o 

[0 0 17] ±BftB)«l=fitxT. fr&B0!)BlE*tt* 

v-vvo mxn •> y > k y * ;u® -efe s c t *< 

Wmt. **B*l=B*4!|tfc»l=. M±BB4XBd!>* 

[00 1 8] *56W©*'=.l=»J<DJt^m : f-0fiiii 

tt&imGB«BBO>BBl=ttBL. lUES^^UX-r 
« C i l=.fe y flEi!0)it^tlg|®<D»«£«lEit^lg# 
(OS®l=e¥-f-5it^m^a>fiji*95-r?&oT. BIBB 

©'>ft< 1 -ooiitmi&mmmmmiire&v , «f 

Elalfel^«;^ttlil!e«a>lell£«if4:S®(cK£^^- 

[0 0 19] ±E*J*l=fel»T. BBBOBIS#«t#» 
tt(±. X/<^$y>'yS, PVD(physical vapor depo 
s i t i on) I/CV D (chem i ca I vapor depos i t i on) & ^ 
bS«**tfcU-f^©^4(cJ:y»fig**L, fiTE*& 
l±vx^7 £flESS*t©®lE«fi;®(c^-r*firSXIi|sl 
e»«;®Axb±*i=®l*i.fc(igi=BBSLfcttg-c. BE 
se^coiaife^® [z®** ggst-r -sctCcty^a- 

[0020] *fc. ±Eft»Bfci=*5L>r. fiEKrome 
h— y ^^®xi*->y> h*y *ju®t?fe* 

C£A<#*LI\, *fc. ±B*B*l=fit^T. BEme 
3t^B*l=B***ifc»l=. B±BB« 
Sa>I^HRS«»$± i: -5 iMKT? fe -5 d t A<»* L l\ 
[002 1] *BBmtt¥B?BBBB6*Mf|i 

BODBB^ftit. vx^ssett©®e»«;s®i=s-f 

•&BBXM:BB»BBB^6±^l=M4ifettBI=Efl 
L. BEBS^OSe^SBC-r^Vtf-AXI*^^ 
* ;u f- A $ RgStf £ z 1 1= «fc y BESStt (OBBMHi 
S®*^-l=x.y^>^-r^ 0 
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[0022] *fc. xnyHDmont^m+tfLtemmmt 
*x ^ >y bbicb-t c t c* y tfrtBsett©®^ 

&£S - 1= X <;/ > 7f & . 
[0 0 2 3] *#EW©££l::»J©£*£*jat*fflBe# 

BBa>BEttff«Bi=Kr«ttBxiiBE*t*SB*& 
yBGflvUteBEttBBBCTO-cx??:/?-? 

[0 0 2 4] ;MBM®d&(=M®ft¥at?Jft»JflH6* 
MBBOBBfttttt. i-y^vyS^i^tHrSK*© 
B#*Bivc. 4>fc<*tSS#±i::©J*£*ifcftttE 
©BE#*BBI=l/5>*hB*»*U '>fc<&tWSE 

BBBoBEttitBB fiff> raxKa-*- c 1 1= * 

yME£B&©BI£**f*£®£*$-i::x»/?>7r 

3. 

[0 0 2 5] .tE«lll*l=*il*"C. BESOBSJMft 

j&1*a< bxi* •> y > K y a Mre A s c £ *< 

Bttl*.. **»TI=IE***vfcl»lc. tLtgBttBO* 
[0 0 2 6] :«6W©*&l=SJ©jfe¥B*J*»fflBlE# 

ttft&otttAttii. SBttoBEttttBBKB* 

-KBBf*. ±IBBrtl=fel*T. MCBOBCIWIIi 
X/<?*y>?&, PVD(physical vapor de 
posit ion) ;£&t£c V D (chemical vapor deposition)^ 

asi*vx^$fjfEi!e*t©Be««;®i=ftf *(iExi* 

BB>tWB* 6±*lcB:KfcttEI=EB LfcttB"C. • 19 

BCJMtfwefctf i — y -v *bxi*-> y > k y *7ubt? 

BEJMftBttl*. **B^I=e***ifcBK. ft±B 
BfeB4> JMBBBft't £ DS^feSCi A<»* L 

[0027] ibl:. BBtttBBx? 

ttBsbB6im»BBi=flBBi*i«-i=»irr 

[002 8] 
[ftW0>SllG(0KII] 

(35 1 ©SStefl*®) :MtB©%¥B?a>BB*&&tf * 
*u=Br •&£©»£*&©£ 1 ©bbbbk-^t. m 

1fr£E5&tfEl 2&tf®1 3£#88Lo-3&Wf 

i*. «x«#«Hu>XT?fty. Bi 2ic^-r„ jt^m 



?.60«t>£4MIBB5 liSBBBttfMHMrefeU. 1 
fifcf£85 2Rtf7K s PfcPgl85 3£*rf&. «E^lS)© 

g^5 2fitf 5 3(**:h*;K20©Sfco7!:/Sl::Bj££ 
IS*. **B*5 Ott*©B±lcm*T#B*B*** 
«. ^^5 01*. -»<0S©iai=EB**if=5fc^ 

tS© 1 ottBEBttftttttBt* L. BCWttfM* 
BI*3ft*«*t©«BI=C***i*. -Ml**. 56*11* 
5 0©3fc*8fi6B5 1 tfBft**!.*. 

[0029] BBH!ttfMmB«4rr«Ba>ttft 

r#1 0 0(*a«*rifc. VX^4f7X^JS^7$S 

Bf*. B»*Ml*. *>^t> (w) 
(C) *4*»t"j-*B«*B-Cdl*Tt**. SSBro 

1©SB1 a±C:£BIi2£flSj£LT : fcJ:l\, ?X£4 
I*. TX$fc*7£*J-LTS!**f 1©SB1 aXI*«SI 

K2©s® 3 <fc y t±mzmiz&smmtitz&&izE. 

B34VCI**. T7U^> (Ar) -f *:/fc:— A6I±, £ 
S*t1©S®1 aXI*ffiSK2©a®3&X.y^>^t 
h1tMz s VX^4©±73^bT*(C^St**V§. £8 
*Mtt, SKitxfltfSST LfcB#£t?. fltSBttftftB 
B****B£**. 

[0 0 3 0] Se#1©SB1 alCli, t£*©Be*t«-> 

3f»B*»«-r-5fcft©3Sf3*i=j: y » *6*m:»bc« 

***»B*«»***i"Cl*4. B»*tltt. Sit*** 
^<#ife*lg*©3tttl=«l6f-5W$*'Oi: LTB!£$*i 
«. *LT. Wfi«S5fcS!»*t©»-r*JtaIjS*<jt*m 
*50©BrS*lRl, B*I*B1 2 ©KB 5 2l=»ofc# 
HBa>KB»tt*»<*3l=. BS€£iJBB*tt«. 
d©Jni&l=<fc y tolS4ifc£S« 1 ©^««fil*± 
o. l/imfiStfeofc. £«*M©SB1 al=«KK 
2*»B-r*«*. ^ft-'f'JvOA (Pt-I 
r) M*aBBB*X/<y*ttt::j:ijB£3 0m-C« 

B-r*. 

[003 1] B2^P>we»^tf«kai=. 

1©TX^4l=<fcyg^L>**tT^-5fiP«-t?fci). ffH^. 
If, X-yi>ffl$^«!>fcS«tt1©fiR»®©ESI±5mm 
■e'fcy. SB 1 aXli3©Egl*4mmt7&*„ ffi^gB 
Q5©*£3l*5mmx 2mmT?fcy. €-BaP5tt1m 
m©BIB*fcaxT¥ffl=EB**vrt x S. 
[0 0 3 2] 2fclc, B 1 (C^-r±B43p B 1ffl^4rtt: 1 0 
0£B4l=jrrx-;/*>'9'gEl::EE-r&. % 1 ©Ste 
J&SsTJIi. ECR(electron cyclotron resonance)'!'^" 

I*. i7f>yi9t. 4»Bffl»a-Ctt: 1 0 0A<gS* 
iiSXT-ylOt. x-v^>yS9©±4a»lcKltf, 
*lfc-ft>f-A)BSB«1 1t. I7f>?l9©± 
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[0 0 3 3] +BH§^Str*1 0 0^f-v1 OKg 
mZ*i$>t. x?*>yB9<Drt»tf*S£&4«fc3l:: 

S«£^§o -tCDgL r;U=3> (Ar) 

^7X71 2g«4*t«. ^vaogmfin 1 iffv 

X?12^bAr<t>S?l^:L, ^ft>t-i.6$ 

*Pfltt^3trttl 0 0l=BBWf«. MMlOSHa 

1 aXi*SBR2a>*H3fl>x??:/yiin 
[0034] «ia>58H6»B(=tet^r. 4f«m*£T<* 

1 0 O0>g:*:itg(£l 5mmTfcofc. X^>?g9 
fcOXx-vl 0±(C7O<D4MM«*StTi*1 0 0£g 
jgLtz, -f^I/ftl 3fr&0^;f >e-A*fl>*Ste6 
Ommttofc, VX*4I*. 1 <DS® 1 aXI* 

£&R2(DgE3frb1 OmmSLfco X 
ttlslTtOayi?**. iAAr^JXOE^O. 09P 
a. -f^->t - — A6(D*ia«E8 0 0 V. A 
6G>gijft?Bj£ 1 . 0mA/cm2 4 -<t>t~A6M 
lt^3^Tfeotco 
[0 0 3 5] fi1flafcyO)*DXlC«Lfc»PBltt. +H 

tt^at*i ooa>tt*ftTB#R5k +Pfltt*«i:T(*i o 

7>«r>Qa>n«tiUBi=r«fe»icffi>i«si<iMi« 
t!)9o^ (mm*) vtb-otzo tu 

tf-A«fl[>BStEI=**<"r*ci:^-c**ili. £S 
OS! 6 tt*ffl icfiJtf « z 1 1< V * « o 
[0 0 3 6] JSl±OJ:5l=Lr»fi6**tfcfia)Rffi»« 
■2&tfB3lz«t > xHKtfY||«M(caCL«:. 

* >y**«0BB»*tt»tti: x ? * :/?ft0BIEtt 
1 *l« fefi© +0 £ 0 i L r * L fc t CD 
T?fc£ 0 05^bWb^4J:?i:, S#*tl(7>$@l a 
Xlift^K 2 (7>S® 3 <D Y MlCft o fc««li TX* 4 "C 

Y«*lRjOS!a)Brffl»«l*x^^>ytt<Z)BK» 

o^6B*ifc«*i*+*»»* y * * < -f a-ve-A e 

d£ CD -C. Xl**lRia)S!a)BrB»«tt+<>^6 

xy^>ytta>S»#10«H1 aXI*SSIK2(DS® 
3 0)»B»«I4. «x.tf h-U v^B0)J:3ttBBIW 

ifi](DSia>ffi¥*gj: y t** < ft*. 

[0 0 3 7] *&lc, BEttftte£B£4f-f&8Jti>&! 
«£*0>*j*l=J:y*&^i:«>ffl*LTi3<o 01 3 

lc*f*3lc. ff^(£#7X*BB«<Dft¥*#6 0£ 



B6 iatf6 2t*^«#6 0l*. 'J>fc<£ 
6 O0*Btfttfc*«W*OSl»=toB**i 

s-6iat;6 2ii S!6-iat;6 2a>«B»«)e><A 

^***6 0(Daffi(cE¥**i**5lc.-Bff3£<Dff*-C^ 
L/X£*l£ 0 *0>flL £!6 1»tf6 2i:ft3***t6 0li 

[0038] *i ommBmz&^T. ftmmztstfz 

X|4*fiI(DS!a)»ffl»tt<D»*-r*La:*0. 
Ltco ±lBx*9 t >yxB*5BBySU *W-C3 5 
BOHSBflsLfc. BO)»«K**. KW"T#i*0. 1 
5 //m(C*tLT±0. 02/imt?feotco 

[0039] ?i/xjft&xaeiiysu b-b-ci o 

0 0®<Dls>X£ffLteLtz o *¥**ttltft¥*7X 
SF8*ffll*fc. ±EB*«tvci*BLfcft5***5 0 
I*. fliiah-ytr^BtlOB6*tt»ftjmmBS 

****50l**jS*«*»±*«. 
«^BT5 0Oft*tttt*BSLfctc5. ftft**^ 

5 o itmm cxfoizmm i:»a>#Att«**±*i* 

fco 3WftB©SF19«l*3 0mA CmA : JBL*&*l«X 

soa«<oi/i ooo) -cfty. 3tf^^8SM 

3fe^T5 0±«:<DK®iRS4ififf-efeo/co 

**5 0*«L\T*^V KtB^ftrfc. ft*** 5 0 

(4. BCs*MlimBlcj:«||±MJRBlcj:oTftT 

yftitMiri**. Bia>BB»tta>ft***5otffl 
i^fcft^^Kiciiftx-rx^flOW^tttti*. tt*ois3 
B»*»*a>U^X*Bl^fctt*0>ft^9 Kfcffll*fcW 

*»tt*y*.«*ir^fc. 

[0040] 7X^7 4 <&!!?)□ 5 CDJ&tt. 7X^4iIS 
#ia>g®l aX(*ftBR2a>$B3£4>ffitt. xy? 

>7&#&t/x ? * >ym£$w-r * c ± ic * y % mm 

*y. tfflr«*Arat»££««ft9X?£*«c 

.[004 11 *1 aBttKBT?!** HS*t:*l**<7>g® 
0«BB*xy^>^4fcAICT;u=fW*>*BW 

ic. fiBK2$^ a r«»&. x^^vyaa^ttica 

&*t10>g®1 a(C«iim2^^fi£L. «ffiK2 0>S@ 

3*x-/^>yutc*<. fiBB2«Ba-r«mi=B«tt 

1 OH 1 a *BS**tlH=i9f >y 
BR2*«-IC»|*L'Tti«fc^. 7X^£ffl^ 
fie. aXI*«KK2(Da®3$^^ 
> e-A* »ft (scanni ng) £VZ>Ztlz±i) JLyT^V 



(7) ftfUW 8-290925 



[0 0 4 2] '(C2 0>£fcKS) **Ha>ft9*X?a>H 
B*^fc#¥*T<DK*xHI4iB 1 a>9tffifiMBa>tt£ 

[0043] mSiZTFt&Oi-. BBP23atf24SB 
■L^Tffl*#2 O0£S*<bvX hK2 2|Ccfc y fifrftT 

i**. bsp2 3I4* s«tt2oo>affi2 iic»ei-rs«fc 
5ic»j***iti**. T-^s»ar*fcAa>BBD2 4 

(fe KB2T0x??B2 1 al=»fii1-6J:5l=»rt* 
>y*SS2 5J=a*tir^«. **lfl>;U UStt2 0(D 

affi2ii*BC#»*»«i=xyf i >y**L*. istt 
2014, >nA#4xf>bxi*a-e-ettw 0 

[0 0 4 4] iSW2 0 0)Sl2 1 |* % tt*fl)*aiC<fc 

y. **^icsE«»*aH»tti=»si**iTi^, '> 

ft< ^tS!»*t2 0<Daffl2 1 * 
*B (BaWf) Alititu^ S&lZ. iM2 0 
(Di®2 1 ±(D=?>r;M **Kl4li«»tt»£ffll*T 

2 0±(DS®2 1±<D-*^U*?*KI*. fflitliBl 
2 ic^-f K« 5 2 lC»ofcft*B§T 5 o (DRS^ttiriE 
«(=-Brt-«J:5l=BK»»3f»B(=tt±lf 6#t*. x 

[0 0 4 5] «?U4. S«4t2 0a>SB2 10>#£l42 

fc 0 8ot, x^y«s$^aa»#2 0(Drtaaffi<D±* 

ili3mm-C*ofco &§P 2 3 fttf 2 4 £ $ < 2 
ui;xhH2 2lc < fcyKfe*LTL^4. 

BBP2 3l4B7lC^-«*YJC»oTiHnt43KTL^. m 
P2 3(7)(Bl4lmmT?fey, A$(4» 4 mmtfcofc a 

Bap2 4r4»YtEs-r-5tHX±icR(tp,tLTi^p &a 

P2 4<7>itgli0. emmttofc, 
[0046] X*/^>yj8j82 5l4, S&ft200mm 
©^xssr=»fc*ii. 4 0W::«S**lTl**. S 
1 6mm<7)bvX hETfffltoftfcgfWH" 2 0 $ 4 
OfittlSfiKD^^ICjfe^. 5»Bx*;f>y»iS2 5i: 
;iLtc e *a>BL ^rtxy^>y«2 6fr6SI*± 

If. tt*T?ft»Lfc. *<&j8S. a3«*t2 0 0)aH2 1 
±0=^^iUjC^^RttBCSt»W=x^y>yi*i 

[0 0 4 7] ±IB*ai=«fey»rt**ifcl!(Z>KB»ttS: 

8lc^-f 0 Beirfcivc. tttMBtiC^&mAS-e 
0>EJ1*BU BW4Bejfi(=JSlt*xy^>y»0>B 

t x ? ^ >^*<DEnssw#tt»« * 0-r 



W 6**4*51::* a»t}20(0SB21±a>zyW 
y*Ba>YH*fija>*'l>»»i4b^x hK2 2t?iKt)tL 
tSbf, xv9 t >y«25!CJ:m=J:yi*-CCX'y9 t 
YH*iaa>fia)KB»*l4xt;^^ 

»a>BE»»ft»**6*ftLr^a^. xn* 

fp]0g®2 1±0)x^^r;u>^+R<D®5aS?l4Ui>Xh 
K2 2T?Kfc4iTfiy. Ba>4"t>B»(tBiBB»J:yt 
x^^>y*JC«fey§v<xryf 1 >y**L6fci6. Xtfi^ 
fl(Dfi0Rffi»ttlcjSl,vC. Bifl»»l4+i&«»l=»L 
TffittMlcftjO. 1 /imB<ftoTl^, *b(C % B8 
(DSEBt (*8) -2^6-30)»»ICfi^T. B8P24 

a®o^tti4. Bx.iih-yy*Ba>«ftBfift»*fc 
ft*. xiffinaBottiMMttt. Ytt*fia>sy<7>ffij¥ 

[oo4 8] ±E*ai=«fcy»rt**ifc4 0fia)fi<D» 

**B*LfcfcC%. Xfft*[S3OSC0»T®^tta)^!K^ 
»4. ¥ft-f*L*0. 1 Ji mCj^Lt-O. 02//m^ 
b + 0. 0 3 |lm©Bil*Jt*y, tf&o#l4/h*^o 

[0049] 3fe¥K?a>j2Stt<=&it«S8Ba> 

(Pf-Ta) **0)«BHi«X/<^4nj>yai= 

*y* BaoBmwftBic. B£20m0tneitt 

[0 0 5 0] SblC B6»ft?WB£ft?«ttfl>s& 

#'J*-#*-f h«K»a>**iH*t6 0SB6 1 t 62 
<DIHI-eBf 5. I61i:6 2 0t>-f^-*(4±fHx 
vf>y*a6i:*W***ifcB8«WWIt*L, ft 

*i4**fl!)*at-c»ia**ifcB»i»*B6*-r*. at* 

m«6 0&t;Sl6 1&I/6 2$Rff^OSS(C*0^Lfc 
ft. 16 1 t 6 2£Rff5£0)E*-C^UXLfc„ *<D8L 
«¥*»6 0Jtfa6 iaif62*»»Lfc. Z<D«{C 

[0051] z©*5s:?i/xaaiatB«fitzt 

ICJ;y, H-fiT?1 0 0 0iOl/>X^iLfc o 121 

3ic^-rj;dic. ±EB*fflL\fc^uxrtfii=*yaa 

Lfc3M**T 5 0 14 h- U 'V t B*0B6*Mft%¥tt 
ffc® 5 1 &*T«0l?. **BT5 OI**jMUI«ft£ 

**1*fco ^^^0 3 P^{il42 5mA (mA : ffiLVb 

wftBoafioi/i ooo) -ca&y. *x<x^g 
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[00 5 2] UvXhl2 2MP2 3M^ X** 

*y. Bfa-r*#jfift»**±*i*4***^t»*- 

«£**lftl*o £B2 1 «*feS!«#2 0(D-«»f=l+ 
£x LTti«fcl\, C<&«£. UvXh 

122 ttflfttf 2 0 <DSB 2 1 &®<DMzmitUi «t 

x^^>y-e**t<D-c&*ttf«fe^o *2a>sii»B-e 

[0053] (SB3a>nii^!S) *«|0>«¥«toi 
»*suktf**u=*r *sa>»a*3*a>* 3 4>bbbb 

B9^bBl 1 £*HLooKW*S. B3fl)BB 
BBlcfiivc* B»*ft***#***atfB*JBi*fc 
ft¥*?4>SSxBf*& 1 OBBBBfcJIRWIcBC'O 
fcSo LfrLfctfb. B£IHm**B&lrr«flaB 

a#£^ia>KB»B£:ttBtt«. &3 0>bb»B(:: 

[0 0 5 4] E9i:ft<fc5i:, *Pa1M^itr{*2 o o 

l*2!S#3 0<b. 7^3 3t7^*»3 5S*tt 
*. 7X<7 3 3l*£##3O0>±^|C7X£&^3 5£ 
^^LTEe*;I^Tl^<^>o ^*H?3 6lt, 7^3 
3©±*^6T*i:fi^ot»*L, I§tt3 0a)i® 

[0 0 5 5] 'J^XHKfcitoT* tt*"fl>* 

*l=*y. B»tt3 00)8i3 0 a CBGMMWii 
fi»*t3 0«rt^**L6^#Ee3f»*3W 

@££l*£o BMBCIi, B5tfi**t0>»-r**ox* 
it* ft¥m*5 0<&fiJr5£*GL fflxtflB 1 2 (DISS 5 2 

ic»ofc*n»»B»**»<*9(=aya»**t*. 
[0056] si oic^-r«fcdic. «aimm^3 3 

l:<t y i W 3 0 SIB L tl^Mtfe^o 

fi*«3 0O«ffi3 0a(Diaatt6mm-ei&y. *ei&&§ 
P34fl)«jftt6mmX4mmTtof: t 7^3 3 



££##3 O0>g®3 0 a £<DKBl*5mm"efcofc. 
[0 0 5 7]*C, 1 4«(D*n«*£T(*2 0 0£* 
U >?BB0!>S1I»1 OOmm0*^y±i:E5l 

fco r;u=f> (Ar) #x£x/W$y>?g 

Brtl=«ALfc. 7;Urf>*rx«)E**0. 13Pat 
L. RF/W-10 0WT?MS»t*1Jfco Pt-R 
e^^-y^^lt, */<9«>J 6 0»|RfT? 

fc. *C&«*. *«-ftB*«rt"*R3 1*<, BS» 
»#i:«:*«fc5lcS***3 0 0>aB3 0 a±|=»J«**L 
fco B3<DBB»fi-cii* R3 I0tt»i*x/<^4tij> 

yaiuyMitifc^^ft-i/^w (pt-R 

CfcttOBRRiLTtBtt**. 

X$4*[6l(C^(7)4 3 '0* N b2. 5mmB*lfc(4fil::*5lt* 
B3 10>JSSI*1. 8 7 /imT?fcof: 0 BtD<B0l£**ft 
ft»tt^60>xl**«l=felt*Ba)KB»*a>BttBtt 
0. 1 3/im-Cfeotcc a(D»«KBtt¥iSftiaBO. 
13/iml:^lt±0. 02/im-Cfe^fco 

[0058] 01 oic^-rxnat;YiB*iPi(Dsa)Rffi 

JMK*BSLfc 0 B££££B1 llc^fc 01 11=6 
l N ts ttNli£4>6fr&B£j5£-C0>Ett££U BM 
ttHBjfilC=£tt«BBtt3 0OSB3 0 a±(Cfl2jaS*l 

fc*y^ua>BB»*ft»«tR3 io>s®3 2<t(D 
^&we>frfc*3i=* YH*fiii=fi(t*B««3oa)B 

®3 0 a(D4>M»l*7X>3 3(=«fcyK^#irfe6 
1\ R3 1#*a>±lc$-lc»«*JK4fca^ Ylfc&fl 
a>B<DKB»«ttB«*t3 0(DBB3 0 aa>B«D0)»tt 
^^WbLtUftU. XB;&ei(::*5lt*S!»*t3 

oa>nH»5S«i*-ex^3 3i=«fcyKt>*tr*y. 

#3 O0BB3 0 aO)4iit>B]Sttl=ttB , r«tt?a)Btt 
BatfKfHFrittTOfi^y t£l*fctf>* XIWW&K 
filt*BOKB»Btt*OB*6»BI=«*oTB^* 

(=B»-r*»*l=tt*. *©»B. HS*t3 0±tf)R3 
l(DBB3 2l=»t6-r*Ba>Bffi»tttt. «*tfh-y 

vtmmouEimmbit*. xb*ao>*i&b*¥& 

it. ±*tLTYB*fiIfl!>B»*BJ:yt.**<tt*. 
[0 0 5 9] £blc, B£ttfMMftB£?rr«&Ja>9£ 
fflfl, 01 3£amKia>£BKB£RB(::» 161 
t 6 2(DBi:*¥tf7XVC7 9-c-e#fc**B*t6 0 
SESLfcc S6 lM6 2<D-*lt±EX/<^*'J> 
yi*(=J:y»rt**LfcBIE*»***BS*L. fS*l* 

tt*a>*aic < ky»rt**ifcBB»*<HRB**+*. 

%q»fR# 6 0 &tf 9 6ia«6 2 SBrSroSlSKtoB 

U l6lM6 2^S(DE^-C^UXL/: 0 

&s 6 OXtf I 6 1 ft 6 2 Lfc, d<& 

[0060] z©«ft?uxBfixs«*y»u hi: 



(9) 
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<tZ5. ft**»*5 0l*KI$Bi:*BK=K«Bi:«© 
*jSftSS*4Lfc. »jHft««>¥lS«(*2 5mA (m 
A : fflU&*L**»a>iSfta)1/1 0 0 0) Tffcy, ft* 

Tfc. »«?5 0B, BIE#»#SS»BI=*oTft»t 

Sffli^fc*^^ K(::j:*ft»ftT*x$©S£ttttMu 
W4»tt*yt«*tr^fc. 

[006 1] VX£ 3 3MP34W^ 7X^7 3 3 
<tB§#3 OOSl 3 0 a £0>2§gi* U 
frR^Stt3 0<7>g®3 0 al=f«**tt*©»?£ 
.*(»-r*cfc|c < fey % Rraa>g]K»»»!^tt$&!(=^A 

±*tf*ft¥fiff£»*z**<-c#4. 
[0 0 6 2] *3<&MftJM8T?te. 8i3 1 SIMM"** 
Si LTX/<* * U V^ft^fflUfctf. P V D (physica 
I vapor depositiorO&^C VD (chemical vapor depos 

itioro*t»uT*p*t^ *fc. &m&zmtozm3 1 
[0 0 6 3] ±tsmis K2&i;ft3(D««iK»ei=£ 

.ivc. 02, H7atfHl 0<D#¥BBI-^1"«fc3C:* 

Bttlcoivcii. BBBBVaBraMftB-eftoTt 

[0 0 6 4] SblC. ±E#Stifi»»(::fci*T. SXI* 
MiOSaia, 3. 2 1&t/3 0a<&Jf2ttlS*;ft* ; 

BftBSRa-r^fefticaB-rict^-c**, 

4ilf33, 7X*ft*7ai/3 5(D«rtte±EBjFL 
[0 0 6 5] 

**#at/fitBrS0a*lclnB-r*xB4:. ft^S« 
0>SB(cBa>WK«IEV < r«feAI=B*ffE a r«XB« 



S¥$^^a>*e. H-a>ft*»tt****«**Jlt** 
*B±B-T* z fcaWWUc**. 
[0 0 6 6] fifl>BI£#**»»ttl** SUSttXI* 
ta>BB(cKlt&*ifc«BB0)iaK»#ftaB*3F«- 

«3K.BBiii:"^lS-j?B**8l*** - I- * y »**■ 

LTBfiffifciox«£ »t\<& z t ft 
<. £0>S&*<«aictt«. -*fc. BBCBKttft&B 

ttrtKffl«i=fc^T. x^^vyu-hXttfilKu-H 
*<£SLTl**an*. *<7>toxg£gaic$I®1-&;:£ 
*<-C#^>o *4i»JL. £«tt®B4Da>B£»ftIMft&tt 
ftdc<hfc<. S0)B6IWftB«£jEBlc»A1-«c: 

[0 0 6 7] *fc* S<DIaie*»»^jR$. smtSffl 

■i=7x**ebi-4xh*- 7x«siLta«w 
**-r* K7-fx^^>^»aicj:yB*-r*^ £fc 

itffi«*t«a>BE»»ft«BI=U^X KB«»^« 

>ya*(=a-rxa**'<-4 , >xv hx^^>y«aic 
*y»j«-r*zii=«fcy. ^yff^twi^f 

[0 0 6 8] *fc % ±GBflWa>B6Mft<i:BB±l=7 

«-icBS««*i*4*a=Js^r. noummmm 

mt. B0)BBtt»ftBB±XttBBM«ttSB»6± 
l=BiKfctt«ICTX**RB-f4xB£* 32#tttf>Il£ 
»*fcBB(=tt**B^*XB**1-*. X/<?*<J 

PVD(physical vapor deposition) 
VD (chemical vapor depositionJ&frbStftitcl^f 

*i^a>*«=*y»ijW-*ci:4<T?*, tt**yffto*i 
*a-ei*B#^B«-e*ofc h-u ^^BXtt^y > k 

»*C=B-T4B»B*Jfi < U *feI1i8fc«Oa^h 
[0 0 6 9] *fc, TX*SaLTE!«*t<&«E*x? 

fi**r<Dft*«fiBBi*. Tx^a>HP«a>»«at; 
4o ftBttft. tt*^6ffte*ir^*fia)** 
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«BB^©BBB*BBB©BBxSI=BB1-* =■ 1 *< 
RlffiT?&y. B©BBxSB*«**::i:tt<BBB» 

[0 0 7 0] g©BB#*f»fcBttl*. -©El 

8#W|ift»ftWt*»i:B»4*ifcWC. B±B 

BBBi=B*«Brt»t»B**4J:3i=«B**i"ci* 

li. 4l±©£B*lBI=£A«lB£#«££*tt«^J:ft< 
-HU4>;1. lflSHt::frl"]l=«SISBi;a©*j£ilJl 

g $ * ******«B-r § c t a<t? $ * . 

[007 H*fc. *9KTOB£JH*fli£BBftBi:: 

ftfeBBBaBBOttBCBBB©-*- 4 c fc (=* y 
ft¥B?*Bftl=BBi-&c **U4>*. ft 

jSHX^fc*- * - LfcA< 6.3fettl=»f ***b*©*« 
tnBricirtBIM-*::*:*^**. S© 

x»»i;ai»(=-7~^i=»j£-rsiai!i»tt*»fi6-r*itf. 
ftBB?®fl& & ni»i=«9im>x9 iHic^— 9 $ 
»rtrt-* cfc*«"et*. BBftttft&ftBB 
BBi=«t y f64**ts*j£4t^©*rei©«tti$SBS-r5 

[0B©ffiJ£fciftBJl] 

[B2] Bl©BBBBl=»lt*H«tti:TX$©Btt 

atf«»ttBt«m 1 i=*Lfc*iaa*a:T«:©¥s 

[03] »1 ©S»BB(::fcl*TBBS*ifca©Btt£ 

**bbb 

ib 4] s«»Be-rsfc©ic« 1 nmam-emi^ti 

[05] «1©SlteflS®l=fclt£E2&tf030>ttiX& 
Y7j|SJ©x 5/^>^a©S©Br®»ttl=»(6-r4-r- 

IE 6] :MIB©%BB?®B£*£&tf**il3Br* 
S©B»*B©B2<DB»»Bl=fcl*-Cffll*&ih.<&Si£ 

»«*-**b*bi-bbbbb 

IB 7] B2©BBBBI=£lt«B»#&7X9©Ktt 
Jtt«B»ttBt*-rfi«#©*BBB©¥BB 
[0 8] B2©SBBBl=*Jlt*B7©Bxat;Y*fil 

[09] *«W©3te^* J F©fiB73i*;&tf*;til::a-f'5 
B©BB*j*©B3©BB»Bl=fe^rfflL^4t*a* 
BB1-**a&tf4'IBIffl*3iT(*£jj*1-ffl»REB 



[010] B3©»tt»Bl=»lt*fi*«i-7X^©» 

*aifl§»BBt *■* a 9 Lfc*BB*£T *©¥ 

BB 

[0 1 1 ] S3©Hffi»B(=j3l+*B-1 0©«XStfY 

*isj©jaB&©s©ifB^tti=»t5-r4f ; -^ ? 

[01 2] *«B©»BCJ:yBB$4i«ate4HR?«# 

ran 

[El 3] •*BM©*¥B?©Bjt*ai©^UX i E-;u 
T-fvyxSSSfBBKEE 
[»#©««] 
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: sstm® 


2 2 


: U5?X KB 


2 3 


: mo 


2 4 


:BO 
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3 0 


: SStt 


3 0a: fittffSBB 


3 1 


:B 


3 2 


:BBB 


3 3 


: ?X£ 


3 4 




3 5 


: 7X?££ 


3 6 


: X/<y*B* 


5 0 




5 1 


: &^BB® 


5 2 




5 3 


: BB 


6 0 


:**B* 


6 1 




6 2 


. g 


100 : +BMB*SET{* 


2 0 0 : *nfll*ttTtt 
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[08] 
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(72) ftWft »* 

*E«njwy**njiioo6** t&T*s 



